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1 
INTRODUCTION 
There are areas in Iowa where water for livestock and 
poultry consumption contain high concentrations of iron and 
magnesium salts. A number of cases of leg problems with 
swine and turkeys have been reported from these specific 
areas, Even when a properly balanced ration was fed, these 
symptoms were diagnosed by the Iowa State University Veter­
inary Diagnostic Laboratory to be due to dietary rather than 
pathological causes. 
Leg disorders commonly observed in turkeys appear to be 
the gross symptoms of porosis, A brief description of this 
disorder is given in the Review of Literature. The primary 
cause of perosls is believed to be nutritional deficiency, 
although heredity and environment also influence the inci­
dence and severity of this condition. A dietary manganese 
deficiency has been found to cause perosls, although other 
nutritional deficiencies also have been implicated, 
Turkey poults have a specific dietary requirement for 
many minerals, but if one or more of these minerals are pres­
ent In excessive amounts, they can be toxic or act as antag­
onists of other minerals. Magnesium has been known as an 
antagonist of some minerals, especially calcium, For in­
stance, V/ilgus and Patton (1939b) found that ferric hydroxide 
and Iron citrate decreased the dlffusable manganese in the 
intestinal tract. 
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The primary objective of the studies reported herein was 
to determine what effect a high concentration of dietary iron 
and magnesium had on the utilization of manganese and man­
ganese requirements by the turkey poult, considering produc­
tion performance, liver manganese concentrations, bone forma­
tion and manganese retention as criteria of adequate man­
ganese nutrition. Secondary considerations were given to the 
effect of high dietary iron and magnesium on concentrations 
of iron and magnesium in blood and liver tissue. 
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REVIEW OF LITERATURE 
Considerable experimental work performed in nutrition 
with minerals was reported during the 1930's. However, 
little research concerning iron, magnesium or manganese was 
reported from 1940 until approximately eight years ago. 
The literature reviewed in this dissertation for iron 
and magnesium will be concerned only with requirements and 
toxicity. The manganese review will be concerned with re­
quirements, the role of manganese in bone formation, absorp­
tion and excretion, and Iron and magnesium interactions with 
manganese. Pertinent literature of research with other non-
ruminant animals will be considered in addition t ) literature 
specifically regarding the avian species. 
Iron 
Iron is considered an important mineral in nutrition, 
although required in small amounts. Practical rations for 
poultry and most other farm animals usually contain adequate 
iron. However, anemia quite often occurs In pigs kept in dry 
lot during the suckling period unless supplementary Iron is 
furnished in some manner. 
Iron requirements 
Hart et al., (1929) found that additions of :lron and 
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copper salts to a chick ration did not increase blood hemo­
globin content of the chick fed under practical conditions. 
Dietary levels as high as 2.0 mg of iron per chick per day 
did not increase liver iron content. Schultze (1936) report­
ed that laying hens In heavy egg production maintained nor­
mal hemoglobin levels when fed a practical laying ration that 
provided 14 rag of iron per hen per day. Supplementation with 
iron did not increase hemoglobin or increase egg production. 
Hill and Matrone (1958) fed chicks a skim milk-cerelose 
diet containing copper levels of l.?2, 2.12, 3*12 and 5*12 
ppm and iron levels of 12.3, 22,3 and 42.3 ppm in all pos­
sible combinations. At 3 weeks of age, a copper level of 
3.12 ppm and an iron level of 42.3 ppm were the lowest levels 
which maintained normal hemoglobin levels. Further studios 
of iron and copper requirements for chicks were made by Hill 
and Matrone (1961), For optimum cell hemoglobin and eryth­
rocyte volume, the dietary lton requirement was approximately 
40 ppm when the diet contained 4 ppm of copper. The National 
Research Council (i960) sets the requirement of the growing 
chick at 20 ppm of iron in the ration. Titus (1961) concludes 
that the iron requirement of the growing chick Is between 20 
and 30 ppm. 
Iron toxicity 
Little research has been reported on the possible toxic 
effects on chicks of high dietary iron. Deobald and Elvehjem 
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(1935) studied the effects on White Leghorn cockerels of high 
dietary iron levels. Soluble iron was added at 4 500 ppm and 
9000 ppm to normal rations. Severe rickets developed in one 
to two weeks and death resulted within three week 3 in chicks 
fed the higher concentration of iron. The high-Icon rations 
also significantly reduced bone ash content. 
Wilson et al. (1958) found that when acute intestinal 
iron intoxication was induced in rabbits, prolonged blood co­
agulation was related to thromboacytopenia, hypoprothrombl-
nemia and qualitative changes in fibrinogen. Clot retraction 
was decreased or absent. There were no increases in fibrinol­
ysis. 
Iron tablets were given to pigs orally by Maner et al., 
(1959) at three and ten days of age to supply a total of 583 
rag of iron per pig. The oral dosage produced a significantly 
lower hemoglobin and hematocrit at 24 days of age than 100 rag 
of iron as iron dextran Injected intramuscularly at three 
days of age. No appreciable difference was noted in growth, 
but pigs receiving iron tablets had noticeably more scouring 
and general anemic symptoms. No toxic symptoms were noted in 
the pigs receiving 100, 200, 400, or 1,000 mg of iron dextran. 
The 1,000 rag dose was administered in two weekly doses of 500 
mg each. 
Campbell (1961) found that iron poisoning in the young 
pig could be produced by administering twice the therapeutic 
dose of 0.3 g to 1 g of ferrous sulfate. Absorption of iron 
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is reported to be rapid from either the stomach or duodenum. 
With high iron concentrations, the apoferritin-ferritin mech­
anism is no longer restrictive and absorption is by diffusion. 
Toxic effects are produced by damage to the alimentary mucosa 
or as a result of high plasma iron. 
01 Donovan et al. (1962)  reported four experiments invol­
ving 138 four week-old pigs, using semipurified and corn soy­
bean meal rations to determine the dietary toxic level of 
iron, Reduced growth and femur ash were noted at the end of 
five weeks with $000 ppm of iron in the ration. 
Magnesium 
Magnesium is considered a macromineral or mineral re­
quired at high levels in nutrition. Again, as with iron, 
practical rations for poultry and other farm animals can be 
expected to meet the requirements for magnesium. 
Magnesium requirements 
Tufts and Greenberg (1938) studied the minimum magnesium 
requirements of the rat for growth, gestation and lactation. 
On a balanced diet, 50 ppm of magnesium was sufficient, 
Almquist (1942) found the magnesium requirement of the 
chick to be much higher than the requirement for the rat. He 
reported that, during the first weeks of life, chicks require 
approximately 400 ppm. 
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Scott et al. (1956) conducted experiments with chicks 
fed a oerelose-lsolated soybean protein diet supplemented 
with 0, 50, 100, 200, 400, and 600 ppm of magnesl'mi. HeWard 
and Scott (1961) fed chicks, in 3 separate trials, a glucose-
isolated soybean protein diet supplemented with graded levels 
of magnesium. The chick requirement for magnesium measured 
by growth and survival was found to be approximately 200 ppm. 
Two experiments were reported by Gardiner et al, ( i960)  
to determine the dietary magnesium requirement of the chick 
fed a cerelose-isolated soybean protein diet. In the first 
experiment, dietary concentrations of magnesium ranged from 
122 to 4058 ppm. The concentrations of magnesium used In the 
second experiment were from 75 to 500 ppm. In both experi­
ments 250 ppm of magnesium In the diet appeared adequate for 
livability, optimal growth and the prevention of typical 
nervous symptoms. Analysis of plasma magnesium indicated a 
direct relationship between the magnesium content in the feed 
and the magnesium content of the plasma, 
Keene and Combs (1962) conducted five experiments with 
White Rock male chicks fed a cerelose-isolated soybean pro­
tein diet containing graded levels of magnesium. The mag­
nesium requirement was concluded to be 265 ppm when the diet 
contained oleandomycin and 300 ppm without oleandomycin added 
to the diet. 
Nugara and Edwards (1963)  studied the magnesium require­
ments of the chick fed a purified diet with varying levels of 
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calcium and phosphorus. With 0.6 percent calcium and 0.3 
percent phosphorus, the magnesium requirement for maximum 
growth was 461 ppm. An increase in calcium or phosphorus In­
creased the magnesium requirement. 
Ewing (1951) recommends from 400 to 500 ppm of magnesium 
for the chick, which is essentially in agreement with Titus 
(1961) who rnoommends 400 ppm of magnesium in the chick diet. 
Halloran et. al. (1961)  reported five tests concerning 
the addition of magnesium oxide to laying pullet rations. 
Levels of 242 and 484 ppm of magnesium were supplemented to a 
ration containing a calculated level of 2200 ppm of magnesium. 
In four of the five tests, egg production was Improved when 
magnesium was added. Suppléé (1963) suggests that the magne­
sium requirement for Leghorn pullets for efficient maximum 
production is in the range of 900 to 1200 ppm, with the latter 
possibly nearest to optimum, 
Sullivan (1962)  fed poults purified diets with added 
levels of 365 to 915 ppm of magnesium. These results Indicat­
ed that turkey poults required approximately 475 ppm of mag­
nesium for maximum livability and weight gains in the start­
ing period. Keene and Combs (1962) found that a concentration 
of 420 ppm of dietary magnesium was required by poults fed a 
cerelose-isolated soybean protein ration containing an anti­
biotic. 
O'Dell ( i960)  concluded that when diets contain the 
level of calcium and phosphorus commonly used, 0.8 - 1.0 per­
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cent respectively, the approximate magnesium requirements in 
ppm of diet are: rabbit 350; rat 200; guinea pig 800; pig 
450; chick 350; and duck 500. 
Van Reen and Pearson (1953) found the magnes'.vm require­
ment for the White Pekin duckling to be 500 ppm, This re­
quirement was determined by growth in the first 16 days post-
hatching, with ducklings fed purified diets. 
Mayo (1959) reported the magnesium requirement of the 
pig was between 400 and 500 ppm of the total ration. Miller 
et al. (1962) fed pigs a synthetic milk diet supplemented 
with levels of 0 to 800 ppm of magnesium. The magnesium re­
quirement of the baby pig was found to be about 300 ppm. 
Magnesium toxicity 
High levels of magnesium have been fed to poultry with­
out serious effects. Keene and Combs (1962) supplemented a 
corn-soybean meal ration with magnesium levels up to 2000 ppm 
and observed no leg abnormalities or differences In weight, 
mortality and feed conversion In broilers. They also supple­
mented poult rations with magnesium levels up to 1800 ppm 
with no evidence of toxicity. Gardiner et. al. (i960) ob­
served no adverse effects in chicks fed dietary magnesium 
levels as high as 4058 ppm. 
The additions of magnesium carbonate to the c.iet at 
levels of I.36., 1.40 and 1.48 percent produced abnormal leg 
bones in chicks (Buckner et al., 1932). This condition was 
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very marked when an equal quantity of trlcalcium phosphate 
was fed. The same condition was produced to a lesser degree 
when magnesium carbonate was given alone or in combination 
with calcium carbonate in a grain-skim milk ration. After 
six weeks, the condition became less apparent. The results 
showed that the addition of magnesium carbonate to the ration 
disturbed the calcium and phosphorus balance necessary for 
normal formation of bone during the first six weeks of growth. 
Mllby (193^) studied factors influencing malformation of 
the leg bones of chicks. A decrease in bone ash resulted 
when chicks were fed a diet containing 8900 ppm of magnesium 
as magnesium carbonate. Growth appeared to be normal. 
Nugara and Edwards (1963) reported a magnesium toxicity 
study with chicks on purified diets supplemented with 0, 
l600, 3200, 6400, and 12,800 ppm of magnesium. Considering 
growth and mortality, the toxic level appeared to be between 
3200 and 6400 ppm of magnesium. 
Suppléé (1963) studied the effects of high magnesium 
(1700 to 9000 ppm of added magnesium) in a practical laying 
ration. No differences In performances were observed as mag­
nesium was Increased. Visual Inspection indicated a trend 
toward moist droppings, which was particularly noticeable at 
the magnesium concentration of 9000 ppm. 
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Manganese 
The Importance of manganese In nutrition was established 
by Kemmerer et al. (1931)• They found manganese to be a 
necessary mineral in the diet of mice for normal growth and 
reproduction. Studies of a disease in poultry known as 
porosis led to the recognition of manganese as Important in 
poultry nutrition. ' Most feed ingredients are lovi in mangan­
ese, therefore most practical rations for non-runinant ani­
mals are supplemented with manganese. 
Manganese requirements appear to be higher In birds than 
In mammals according to Underwood (1956). The minimum man­
ganese requirement of any species depends upon the criteria 
of adequacy which are employed and the nature of the rest of 
the diet. 
Manganese requirements 
Orent and McCollum (1931) fed young rats diets contain­
ing manganese levels from 0 to $00 ppm. Rats on the man-
ganese-free diet grew at a normal rate, but males showed tes­
ticular degeneration at 100 days, and female rats reproduced 
normally but failed to suckle their young. Spleens and 
livers of rats fed manganese-free diets were practically free 
of manganese while on the other diets, manganese content of 
these organs was 5 to 10 ppm. 
These results were not in full agreement with Boyer 
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et al» (1942) who found a definite growth depression in rats 
fed diets containing 2 ppm of manganese or less. Histologi­
cal examinations were made on the liver, kidney, adrenal, pi­
tuitary, thyroid and testes or ovary. The only marked abnor­
mality noted In any tissue was a degeneration of the testes. 
Smith and Ellis (194?) studied the manganese requirement 
of the rabbit. Normal bone development was obtained with 0.3 
mg per animal per day, but this was not sufficient for maxi­
mum growth. 
In the avian species, a deficiency of manganese has 
caused two abnormal conditions, known as perosls and chondro­
dystrophy. Porosis is a post-natal condition characterized 
by bone deformation and dislocation of the Achilles tendon. 
Chondrodystrophy occurs during embryonic life and is charac­
terized by abnormalities of bone and beaks, edema, protrusion 
of the abdomen and retardation of growth. 
Wilgus et al. (1936) were the first to associate perosls 
with a manganese deficiency in chicks, They found 25 ppm of 
added manganese to a diet containing 10 ppm quite effective 
In preventing perosls. Wilgus et al. (1937) again reported 
in two experiments that additions of 15 to 25 ppm of man­
ganese to a diet containing 10 ppm was sufficient to almost 
entirely prevent porosis in chicks. 
Gallup and Norris (1938) studied the essentialness for 
New Hampshire chicks of manganese for the normal development 
of bone. Two diets were fed, one containing 10 ppm of man­
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ganese and the other 100 ppm. The tibiae and metatarsi of 
the chicks on the lower manganese diet were obseived to be 
perceptibly shorter in length at 24 days of age. They con­
cluded that manganese in small amounts Is a necessary consti­
tuent of bone in the chick and is essential for normal bone 
development, in addition to preventing other deformities re­
sulting from or coincident with perosls, 
Gallup and Norris (1939a) noted a breed difference in 
the requirement of manganese to prevent perosls, New Hamp­
shire chicks required approximately 50 ppm of dietary man­
ganese while 30 ppm of dietary manganese was sufficient to 
prevent perosls in White Leghorn chicks, 
Branion (1938) concluded that 50 ppm of manganese would 
be adequate in a chick diet. 
Insko et al. (1938) reported that at least ppm of 
supplemental manganese to a ration containing 6 or ? ppm of 
manganese was necessary for good growth and prevention of 
perosls in chicks. The incidence of perosls was inversely 
proportional to the manganese content of the diet up to 30 
ppm. Pepper et al. (1953) found the manganese requirement to 
be greater than 30 ppm, considering feed efficiency and the 
incidence of perosls as criteria of manganese adequacy. 
Ringrose et al. (1939) reported two experiments In which 
they had studied the manganese requirements of turkey poults. 
Graded levels of 20 to 80 ppm of manganese were supplemented 
to a basal diet containing 10 ppm or less of manganese. The 
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basal ration In both experiments caused a high Incidence of 
perosls and low rate of growth. In poults fed diets contain­
ing 200 ppm or more of supplemental manganese, the incidence 
of porosis was lowered and growth Improved. No treatment 
completely prevented porosis. 
Mussehl and Ackerson (1939) reported no significant im­
provement in growth rate when a poult ration containing 35 
ppm of manganese was supplemented with 35 and 350 ppm of man­
ganese. There was no incidence of porosis in this experiment. 
The effect of a deficiency of manganese In the diet of 
the hen was reported by Gallup and Morris (1939b). New Hamp­
shire pullets were fed 13, 53» 200, 500 and 1000 ppm of die­
tary manganese. The manganese content of egg yolks was pro­
portionate to the level of manganese in the diet, The 13 ppm 
level of dietary manganese resulted in low egg production and 
high embryonic mortality, Embryos In eggs of low manganese 
content usually died during the final stages of incubation. 
The manganese requirement of the developing embryo was found 
to be approximately 0.005 mg, representing approximately 70 
percent of the total manganese in a normal egg. Chicks 
hatched from eggs of low manganese content and having low Ini­
tial manganese reserves were no more susceptible to perosls 
than were those hatched from eggs of high manganese content. 
The prevention of perosls during the early stages of growth 
of chicks appeared to be more dependent upon manganese intake 
than upon total manganese reserves at the time of hatching. 
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Golding et, al, (1940) studied breed difference for man­
ganese requirements of laying hens. The hatohabii.lty of eggs 
from White Leghorn pullets was not significantly Increased by 
supplementing a basal ration containing 9,0 to 9«<> ppm of 
manganese with 50 ppm of manganese. This rate of supplemen­
tation increased hatchabillty of eggs from Barred Rock pul­
lets from 59•2 to 81,5 percent. The Barred Rocks showed more 
improvement in egg production on the supplemented manganese 
ration. Chondrodystrophy was almost entirely confined to the 
chicks from the Barred Rock pullets on the low manganese diet, 
Lyons and Insko (1937) reported that if eggs from hens 
on a low manganese diet were injected with manganese prior to 
incubation, chicks developed normally. 
Qutowska and Parkhurst (1942) found no appreciable dif­
ferences over a period of 12 months in egg production, feed 
efficiency, hatchabillty and llvabllity between g coups of 
Rhode Island Red pullets receiving an all-mash ration con­
taining 6l to 76 ppm of manganese and an all-mash ration con­
taining 17 to 24 ppm of manganese. However, the breaking 
strength of shells of eggs layed by pullets on thî higher 
manganese level was significantly greater than thit of eggs 
from birds on the lower manganese level. 
The National Research Council ( i960)  lists mxnganese re­
quirements for chicks at 55 ppm in the ration and for the 
laying hen at 33 ppm. The manganese requirement cecommended 
for the starting poult is 55 ppm in the ration an I for the 
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breeder turkey hen is 33 ppm. These manganese requirements 
are in agreement with those suggested by Ewing (1951). Titus 
(1961) suggests 50 ppm of manganese in the ration for chicks 
and 35 ppm for the laying hen. 
In swine, Miller et al. (1940) found lameness and an im­
pairment of normal movement when dietary levels of calcium, 
phosphorus, vitp.mln D and vitamin A were adequate. The ration 
consisted of corn, tankage, soybean meal, alfalfa hay and 
salt with a total manganese content from 11 to 14 ppm. At 
150 pounds bodyweight, crooked legs and enlarged hocks were 
observed and this was associated with increased activity of 
the tissue at the osteochondrlal junction shown by x-rays in­
dicating enlarged ends of the radius and ulna. Manganese 
supplemented at 60 ppm to the ration prevented stiffness. 
Any stiffness present was not cured by supplementing manganese 
to the diet. 
Keith et al. (1942) fed pigs a ration containing 11 ppm 
manganese beginning when pigs had attained 70 pounds body-
weight. At 150 pounds, pigs began to appear stiff. Bone ash 
content of the affected pigs and growth rate of all pigs were ' 
normal. 
Studies by Johnson (1944) Indicated that swine rations 
of natural foodstuffs containing 7 to 10 ppm of manganese 
were not improved by the addition of manganese. When the ash 
content of the rations was above 10 percent there appeared to 
be a slight beneficial effect from supplemental dietary man­
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ganese. 
Grummer et al. (1950) reported that a ration containing 
about 12 ppm of manganese was Improved by supplemental man­
ganese for pigs confined on concrete. The performance was 
not Improved when the total manganese exceeded 55 ppm. 
The National Research Council (1959) recommends 50 ppm 
of manganese for a swine ration. In a series of studies, 
Leibholz (1961) reported that the manganese requirement of 
the baby pig was extremely low and was met by 0.4 ppm of man­
ganese in the ration. All natural rations for pigs contained 
sufficient manganese for optimum growth, feed efficiency and 
reproduction. 
The role of manganese In bone formation 
The conditions of perosls and chondrodystrophy have 
stimulated the interest in the role of manganese in bone for­
mation. These two conditions are described in the section 
under manganese requirements. Caskey et al. (19;9) reported 
that manganese-deficient diets of chicks resulted in a sig­
nificant shortening and thickening of the leg and wing bones 
as well as shortening of the spinal column. The gross body 
composition of both manganese-deficient and norme.l chicks of 
the same age was approximately the same. Ash content of the 
bones of chicks fed a low-manganese (5•5ppm) diet was signi­
ficantly lower than that of chicks fed an adequate diet (100 
ppm of manganese). 
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Wiese et al. (1939) found that the bone phosphatase ac­
tivity of chicks on a manganese-deficient diet was signifi­
cantly below normal and the lowering of the phosphatase ac­
tivity preceded the appearance of porosis. Increased phos­
phatase activity was noted when manganese was added to phos­
phatase preparations from bones of chicks with porosis. The 
manganese addition did not bring phosphatase activity to the 
level found in normal birds. This suggested that manganese 
functions in calcium and phosphorus metabolism primarily 
through facilitating the formation and activity of phospha­
tase. 
Wolbach and Hegsted (1953) studied porosis caused by 
choline and manganese-deficient diets in chicks. They found 
that skeletal manifestations of perosls are the result of re­
tardation or suppression of epiphyseal cartilage sequences 
including proliferation of cells, growth of cells, matrix 
formation and maturation. Endochondral bone growth is re­
tarded or suppressed. Bowing of the bones near the hock 
Joint is the result of loss of strength following the dis­
appearance of the bone-lined cartilage tunnels of the meta­
physeal region. Osteogenesis per se is not affected, which 
explains the thickness of shortened bones resulting from sup­
pressed endochondral bone formation. 
Leach and Muenster (1962) reported the typical symptoms 
of a manganese-deficient chick, such as retarded growth and 
abnormal bono development. Analysis of the epiphyseal cartl-
19 
lage of the leg bone revealed this deficiency also resulted 
in a severe reduction in the mucopolysaccharide content of 
this tissue. The change or reduction in the mucopolysaccha­
ride content appeared to be a specific effect of manganese 
and was not related to alterations in food intake or the cho­
line content of the diet. Further studies indicated that 
manganese had similar effects upon the mucopolysaccharide 
content of the organic matrix of other osseous tissue. 
Manganese absorption and excretion 
Inorganic manganese absorption from the intestinal tract 
is very slow and incomplete under normal conditions (Van 
Oettingen, 1935)• Absorption seemed to depend on the acidity 
of the gastric Juice. Manganese administered either orally 
or subcutaneously is excreted mainly by the feces via the bile 
and possibly through the secretion. Urinary excretion is very 
moderate. 
Greenberg and Campbell (1940) found that the rat excret­
ed 97 percent of orally given Mn$4, while 90 percent was ex­
creted when the isotope was given parenterally. Liver and 
bone took up appreciable quantities of the absorbed manganese 
while other tissue retained varying amounts. Greenberg et al. 
(1943) found that 3 to 4 percent of oral Mn54 was absorbed by 
the rat. The excretion of the absorbed manganese was pri­
marily biliary. 
Gutowska al. (1941) Injected manganese ir.to a tied off 
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loop of the Intestine of a chicken. The manganese absorbed 
from standard solutions (0.9 percent sodium chloride) con­
taining ?6, 40 and 10 ppm of manganese as manganese sulfate 
was found to average 24.4 to 44,0 percent of the Injected 
amount in two hours. 
MoCanee and Widdowson (1944) reviewed manganese meta­
bolism and concluded that the rat excretes manganese predom­
inately by the liver into the bile. Trace amounts enter the 
intestine with other glandular secretions. 
Manganese resembles iron and sine in that it is poorly 
absorbed and is excreted largely in the feces (Underwood, 
1956). In no species has the kidney been found to play an 
active part in the elimination of this element. Most of the 
manganese in the feces represents manganese which has not 
been absorbed, but part of it consists of metal which has 
been absorbed and excreted into the intestine via the bile. 
Interactions of Iron and Magnesium with Manganese 
Wilgus and Patton (1939a) studied the availability of 
manganese in avian digestion, using White Leghorn pullets fed 
practical type rations. Pullets developed porosis when fed 
the test ration supplemented with 0.017 percent ferric cit­
rate, They concluded that the perosis-producing action of 
ferric citrate was due at least in part to the removal of 
manganese from solution in the intestine either by adsorption 
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or chemical combination. Again Wilgus and Patton (1939^) 
found that ferric citrate and ferric hydroxide increased the 
severity of porosis in chickens due to a decrease in diffus­
ible manganese in the intestine solution. 
Cotzias (1961)  reported that, in vitro, magnesium may be 
substituted for by manganese and vice versa as a general 
rule. Chemical, nutritional, toxicological and kinetic ob­
servations in vivo, were interpreted as indicating that mag­
nesium and manganese are clearly differentiated within the 
bodies of intact animals and behave metabollcally as sharply 
dissimilar agents. 
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EXPERIMENTAL PROCEDURES 
General Management 
Vent-sexed Kelthley White poults hatched at the Iowa 
State University Poultry Farm were used in all experiments 
reported herein except for experiment 2. Sexed Wrolstad 
White poults purchased from a local commercial hatchery were 
used In experiment 2. In experiments 1 through 6, day-old 
poults were placed on the basal ration for the first week In 
five-deck metal battery brooders with wire floors. The 
brooders wore equipped with thermostatically controlled elec­
tric heating elements of the back-warming type. The tempera­
ture under the hover was initially 95°F and was adjusted to 
the comfort of the poults throughout the period the poults 
remained In the brooders. 
At one week of age, poults were removed from the battery 
brooders and divided into three groups by weight. Poults 
were randomly selected from each of the three weight groups 
In equal numbers for each pen, Individually weighed and wing 
banded. Poults were then returned to their allotted pens In 
the battery brooders. The dietary treatments were randomly 
assigned to the pens at this time with two replicate pens per 
treatment. 
Poults had access to feed and water ad libitum. Daily 
observations were made to Insure that adequate feed and water 
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were available to the experimental birds. The bacal ration 
in all experiments was of a practical corn-soybean meal type. 
Records and Statistical Methods 
Individual poult weights and pen feed consumption data 
were recorded at intervals as described under procedure of 
Individual experiments. Analyses of variance of data were 
made according to methods described by Snedecor (1956). 
Laboratory Methods and Techniques 
Tibia and liver collection 
Tibiae and livers were removed from randomly -selected 
poults at the termination of experiments 1 through 6. Each 
specimen was individually wrapped In aluminum foil and stored 
in a freezer until preparation for analyses. 
Collection of blood samples 
Blood samples were collected by means of cardiac punc­
ture at the termination of the feeding period in experiment 1. 
Prior to each collection, the syringe and needle were rinsed 
in a 2 mg/ml heparin solution. A single pooled tlood sample 
was collected from two poults of each sex randomly selected 
within a pen. Approximately li ml of blood was taken from 
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each poult selected and placed Into a tube containing approxi­
mately 0.6 mg of heparin. The magnesium and iron determina­
tions were made Immediately following collections. 
Blood magnoalum and Iron determinations 
Blood magnesium and iron were determined by the methods 
described by Natelson (1961) .  
Bone magnesium determination 
Bone magnesium was determined by a modification of the 
method used for magnesium in blood described by Natelson 
(1961). The procedure used for the determination of magne­
sium in bone was as follows ; 
1. A 50 mg sample of pulverized bone ash was placed in­
to a 30 ml Kjeldahl flask. 
2. 3 ml of concentrated sulfuric acid and 5 ml of con­
centrated nitric acid were added to the sample and 
boiled to white fumes. 
3.  The sample was removed from the heat, cooled, trans­
ferred to a 50 ml volumetric flask and diluted to 
volume. 
4. 1 ml of the diluted sample was placed In a 25 ml 
graduated test tube and diluted to 5 ml. 
5. 5 ml of the polyvinyl alcohol-titan yellow reagent 
formulated by Natelson (1961) and 5 ml of 10 percent 
sodium hydroxide solution were added to the sample 
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in the test tube. 
6. The test tube was stoppered with a clean rubber 
stopper and inverted several times to assure 
thorough mixing of the contents, 
7. Optical density readings of the sample were obtained 
using a DU spectrophotometer at a wavelength setting 
of 560 millimicrons. 
8. Bone magnesium concentrations were calculated from a 
standard curve, which was recalibrated for each set 
of bone magnesium determinations, 
Liver magnesium and iron determinations 
Liver magnesium and iron determinations were made using 
aliquots of the same digested liver samples. The drying and 
digestion methods were as follows : 
1. Liver was dried at 100°0 for 48 hours in a vacuum 
oven, cooled and pulverized with a porcelain mortar 
and pestle. 
2. A 200 mg sample of pulverized liver was placed into 
a 30 ml Kjeldahl flask. 
3. 10 ml of concentrated nitric acid were ac.ded to the 
sample in the flask and heated until the sample was 
in solution. 
4. 3 ml of ?0 percent perchloric acid were clowly added 
and boiled to white perchloric fumes. 
5. The sample was removed from heat, cooled, transferred 
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to a 50 ml volumetric flask and diluted to volume. 
The liver magnesium determination method was the same as 
the method for bone ash, using the digested liver sample. 
The liver iron determination method used was that de­
scribed for plants by the Association of Official Agricultural 
Chemists (i960). Allquots from the above digested liver so­
lution were used In place of solution A described in section 
6.008.  
Liver manganese determination 
For manganese determination, liver was dried and pulver­
ized by the same method used for iron and magnesium determina­
tion. In experiments 3 and 4, dried livers of birds in each 
replicate were pooled to provide sufficient dried tissue for 
each determination. Liver manganese was determined by a modi­
fication of the method used for bio-materials described by 
Sandell (1959)• The method used was as follows: 
1. A 6 g sample was divided into 6 equal parts and 
placed in 6 100 ml Kjeldahl flasks, 
2. 40 ml of concentrated nitric acid were added to each 
flask and boiled until about £ of the acid was evap­
orated. 
3» 3 ml of ?0 percent perchloric acid were added to 
each flask and boiled to white perchloric fumes. 
4. Flasks were removed, cooled slightly, 10 ml of con­
centrated nitric acid were added to each flask and 
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boiled to white perchloric fumes. 
5. Heat was reduced to minimum boiling température and 
digestion continued for 10 minutes. 
6. Flasks were removed, cooled, diluted with equal 
volumes of water and contents were filtered collec­
tively through a porcelain porous filter crucible. 
7. The filtrate was poured into a 50 ml volumetric 
flask containing U ml of 85 percent phosphoric acid 
and diluted to volume. 
8. A 15 ml aliquot of the sample was pipetted into a 
50 ml beaker, 
9. 0.6 g of sodium periodate was added to the aliquot, 
which was then heated to a rapid boil and immediately 
covered with a watch glass, 
10. The sample was placed on a preheated hot plate and 
maintained under boiling temperature of the sample. 
11. After 20 minutes, or until color completely developed, 
the sample was removed and cooled. 
12. The sample was poured into a 25 ml graduated test 
tube, the watch glass and beaker were carefully 
rinsed and the sample was further dilute 1 to 20 ml 
with water. 
13. Optical density readings of the sample were obtained 
using a DU spectrophotometer, at a wavelength set­
ting of 530 millimicrons. 
14. Liver manganese concentrations were calculated from 
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a standard curve, which was recalibrated for each 
set of liver manganese determinations. 
Feed manganese determination 
The manganese determination of the basal ration was made 
by the procedure described for grain and livestock feeds by 
the Association of Official Agricultural Chemists ( i960) .  
Manganese determination of feces containing chromic oxide 
Fecal manganese was determined by a modification of the 
method used for bio-materials described by Sandell (1959). 
The processes of drying, ashing and the determination were as 
follows s 
1. Feces were dried at 100°C for 48 hours In a vacuum 
oven, cooled and pulverized by means of a procelain 
mortar and pestle. 
2. A 100 mg sample of pulverized feces was ashed in a 
muffle furnace at 600°C for 6 hours, cooled and 
transferred to a 30 ml Kjeldahl flask. 
3. 10 ml of concentrated nitric acid and 3 ml of 70 
percent perchloric acid were added to the sample 
and boiled to white perchloric fumes. 
4. The sample was cooled and transferred to a 50 ml 
volumetric flask containing 4 ml of 85 percent phos­
phoric acid and diluted to volume. 
5. The sample was allowed to stand for sufficient time 
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for sedimentation of particulate matter. 
6. The supernatant sample was poured off and filtered 
through a procelain porous filter crucible. 
7. Two 15 ml aliquots of the filtrate were pipetted in­
to two 50 ml beakers. 
8. 0.6 mg of sodium periodate was added to one sample 
only and both samples were heated to a rapid boil 
and immediately covered with watch glasses. 
9. Both samples were placed on a preheated hotplate 
which was slightly under boiling temperature of the 
sample. 
10. After 20 minutes, or complete color development of 
the sample with periodate, both samples were removed 
and cooled. 
11. The samples were poured into individual :l ' j  ml gradu­
ated test tubes, the beakers and watch glasses were 
carefully rinsed and the samples were further diluted 
to 20 ml with water. 
12. Optical density readings of the samples tore ob­
tained using a DU spectrophotometer at a wavelength 
setting of 530 millimicrons. 
13. The optical density reading of the sample without 
the periodate was subtracted from the reidlng of the 
sample with periodate to give the true reading of 
the sample. 
14. Fecal manganese concentrations were calculated from 
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a standard curve which was recalibrated for each set 
of fecal manganese determinations, 
Chromic oxide determination for feed and feces 
Chromic oxide in feed and feces was determined by the. 
method described by Kimura and Miller (1957)• 
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EXPERIMENTAL RESULTS 
Experiment One 
Purpose 
This experiment was designed to observe the effects of a 
balanced diet supplemented with Increased amounts of magnesium 
and iron on weight gain, feed efficiency, blood i:x>n and mag­
nesium concentrations, liver iron and magnesium concentra­
tions and bone ash of turkey poults. 
Procedure 
The experiment consisted of nine dietary treatments of 
supplemented iron (0, 220 and 440 ppm) and magnesium (0, 2200 
and 4400 ppm) in a 3 x 3 factorial arrangement. 'Che sources 
of iron and magnesium were ferrous sulfate and magnesium car­
bonate, respectively. The composition of the balanced basal 
diet, containing 1566 ppm of magnesium and 462 ppm of Iron by 
chemical analyses, is given in Table 1. 
Two hundred sixteen one-week-old poults were grouped in­
to lots of six females and six males each, and assigned to 
pens in accordance with a complete random design. Individual 
poult weights were recorded and feed efficiency calculated at 
the termination of the experiment. 
At the conclusion of the experiment (four weeks), two 
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Table 1. Composition of basal diet 
Ingredient Percent 
Ground yellow corn 40.5 
Soybean oil meal, $0% protein 48.0 
Pish solubles 3.0 
Soy oil 2.0 
Dicalcium phosphate 3*0 
Ground oystershell 2.0 
Vitamin and methionine mlx& 1.0 
Salt mix*3»0 0.5 
Total 100.0 
aVltamin and methionine mix is given in Appendix, Table 
33. 
^Salt mix for experiments 1 and 2 consisted of iodized 
salt plus manganese sulfate providing 81 ppm of dietary man­
ganese. 
0Iodized salt for experiments 3, 4, 5» 6, and 8. 
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females and two males were randomly selected from each pen 
and sacrificed for specimen collection. Procedures! used for 
the collection of blood, liver and bone samples aid subse­
quent analyses are outlined in Experimental Procedures. 
Results and discussion 
Weight gain and feed efficiency data for experiment 1 
are given in Table 2, and the analyses of variance of these 
data are given In Appendix, Tables 34 and 35» respectively. 
Weight gains were slightly depressed, but nob signifi­
cantly, by the addition of magnesium to the diet. Iron ad­
ditions of 220 ppm in the presence of added magnesium slight­
ly improved weight gains, while additions of 440 ppm of Iron 
depressed gains. However, these effects were not signifi­
cant. Weight gain of male poults showed a highly significant 
(P = .01 or less) increase compared to females, which was ex­
pected. 
The addition of magnesium depressed feed efficiency 
slightly, but this depression was not significant. Iron ad­
ditions did show a very slight depression on feed efficiency 
except where 4400 ppm of magnesium was added to the diet. 
The efficiency was slightly improved by iron additions with 
this high magnesium concentration. 
Blood iron and magnesium concentration data ire given in 
Tables 3 and 4, respectively, and the analyses of variance of 
these data are given in the Appendix, Table 34. 
Table 2. Experiment 1 — Weight gain and feed efficiency 
Treatment 
Added iron (oom) 0 Ô Ô 220 4-4-0 220 220 55Ô WO 
Added magnesium (ppm) 0 2200 4400 0 0 2200 44-00 2200 4400 
Weight gain (g) 
Females 
Hen. 
1 717 589 627 706 752 730 696 675 645 
2 753 666 665 705 665 620 630 647 657 
At. 735 628 646 706 709 675 663 661 651 
Males 
Re"D. 
1 805 758 690 846 822 789 760 764 689 
2 753 784 842 827 760 716 750 634 764 
Av. 779 771 766 836 791 753 755 699 726 
Feed/gain 
Females and Kales 
Hen. 
1 " 1.79 1.90 2.10 1.82 1.80 1.94 1.81 2.05 1.97 
2 1.70 1.88 1.83 1.70 1.81 1.88 2.02 I .87 1.77 
Av. 1.74 1.89 1.96 1.76 1.80 1.91 1.91 1.96 1.87 
Table 3• Experiment 1 — Blood iron concentrations 
Treatment 
Added iron (ppm) 
Added magnesium (ppm) 
0 
0 
0 
2200 £ 0
 
0
0
 
220 
0 
440 
0 
220 
2200 
220 
4400 
440 
2200 Is 
Milligrams r>er 100 milliliters 
Females 
Hep. 
1 
2 
59-5 
59.5 11:1 60.0 37.0 55.0 42.5 63.5 54.0 51.0 51.5 53.0 62.0 60.0 60.5 64.0 42.0 
Av. 59.5 57.5 48.5 48.8 58.8 51.2 57.5 60.2 53.0 
Males 
Rep. 
1 
2 
37.5 
35.0 
43.5 
39.0 
36.5 
34.0 
29-5 
42.5 
34.5 
48.0 
41.5 
41.0 
44.5 
48.0 
28.5 
52.0 
47.0 
46.0 
Av. 36.2 41.2 35-2 36.0 41.2 41.2 46.2 44.2 46.5 
Table 4. Experiment 1 — Blood nagnesiua concentrations 
Treatment 
Added iron (ppm) 
Added magnesium (ppm) 
0 
0 
0 
2200 I 0 0
 
220 
0 
S 
0
 0
 
220 
2200 
220 
4400 
440 
2200 
two 
4400 
Milligrams oer 10 0 millilit ers 
Females 
Bet>. 
1 
2 
5.48 
5.36 
5.56 
5.26 
5.20 
5.54 
5.22 
5.28 
5.46 
5.56 
5.12 
5.32 
5.92 
5.94 
5.48 
5.52 
5.60 
5.26 
AV. 5.42 5.41 5.37 5.25 5.51 5.22 5.93 5.50 5.43 
Kales 
Se-o. 
1 
2 
5.52 
5.64 
5.14 
5 .46 
5.62 
5.44 
5.60 
5.40 
5.26 
5.84 
5.26 
5.74 
5.56 
5.44 
5.56 
5.50 
5.74 
5.40 
Av. 5.58 5.30 5.53 5.50 5.55 5.50 5-50 5-53 5.57 
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Blood Iron concentrations appeared to be variable. 
There were no significant differences which could be attribut­
ed to increased dietary Intake of magnesium or iron. Female 
poults had a consistently higher blood iron concentration 
than males, the difference being significant at P - ,01 or 
less. Blood magnesium concentrations were not affected by 
increased dietary Intake of magnesium or iron. 
Liver iron and magnesium concentration data are given 
in Tables 5 and 6, respectively, and the analyses of variance 
of these data are given in Appendix, Table 36, 
The addition of iron to the diet had no apparent effect 
on liver iron and magnesium concentrations. An increase of 
dietary magnesium caused a highly significant (P = .01 or 
less) increase in liver iron concentrations. This increase 
was primarily with the addition of magnesium at 4'M)0 ppm. An 
increase in dietary magnesium appeared to have no effect on 
liver magnesium concentrations. 
Bone ash data is given in Table 7» and the analyses of 
variance of these data are given in the Appendix, Table J 6 .  
An increased dietary intake of magnesium caused a highly 
significant (P = .01 or less) decrease in bone ash. The 
diets with 4400 ppm of added magnesium showed a more depres­
sing effect than the diets containing 2200 ppm of added mag­
nesium. The addition of iron with no added magnesium caused 
a slight increase in bone ash. There was a highly signifi­
cant (P = .01 or less) interaction of magnesium x iron on 
Table 5• Experiment 1 — Liver- iron concentrations 
Treatment 
Added, i ron ( ppm ) 
Added magnesium (ppm) 
0 
0 
0 
2200 1
 
o
 o
 
220 
0 
440 
0 
220 
2200 
o
 o
 
(M 
O
 
N
3
 440 
2200 
440 
4400 
Milligrams "oer 100 grams (dried) 
Females 
Hen. 
1 
2 
21 
30 
26 
31 
23 
30 
32 
35 
24 
27 11 
29 
30 
25 
24 
32 
43 
Av. 26 28 26 34 26 26 30 24 38 
Males 
Ren. 
1 
2 
27 
30 
25 
25 
28 
34 
21 
28 
24 
26 
22 
31 
33 
31 
25 
27 
32 
38 
Av. 28 25 31 24 25 26 32 26 35 
Table 6. Experiment; 1 — Liver magnesium concentrations 
Treatment 
Added iron (ppm) 
Added magnesium (ppm) 
0 
0 
0 
2200 
o
o
 
1
 
220 
0 
440 
0 
220 
2200 
220 
4400 t\)
 
1
1
 If 
Milligrams Der 100 grams (dried) 
Females 
Hep. 
1 
2 2S 
53 
52 22 
41 
52 
49 
58 u 56 52 2? 48 52 
Av. 52 52 42 46 54 46 54 51 50 
Mal es 
Hep. 
1 
2 
54 
55 
41 
53 
48 
53 
55 
57 56 
37 
58 
49 
47 
46 
56 
53 
49 
Av. 54 4? 50 56 54 48 48 51 51 
Table 7. Experiment 1 — Bone ash 
Treatment 
Added 1ron (ppm) 0 0 0 220 440 220 220 440 440 
Added magnesium (ppm) 0 2200 4400 0 0 2200 4400 2200 4400 
Percent 
Females 
Sen. 
1 53 . 66 53.56 53-59 52.82 54.32 53.31 52.94 52.06 52.03 
2 52 .62 53.46 51.87 53.27 54.37 53.00 52.29 52.83 52.57 
Av. 53 .14 53.51 52.13 53.04 54.35 53.16 52.62 52.45 52.30 
Kales 
Sen. 
1 51 .12 53.06 51.12 51.79 53.87 52.53 53.34 53.88 49.94 
2 53 .57 53.40 51.79 53.31 54.32 52.17 53.31 51.35 51.36 
Av. 52 .35 53.23 51.46 52.55 54.10 52.35 53.32 52.61 50.65 
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bone ash content. 
The data In this experiment do suggest that ooults up to 
five weeks of age can tolerate high iron and magnesium Intake 
without significant effects on weight gain and feod effi­
ciency when all other nutrient requirements are mot. Added 
magnesium did cause a slight, but non-significant, depression 
on feed efficiency. Blood Iron and magnesium concentrations 
were not affected by an increase in dietary iron or magnesium. 
Experiment Two 
Purpose 
This experiment was designed to observe the effects of 
high dietary iron with increasing amounts of magnesium, sup­
plemented to a balanced diet, on weight gain, fee 1 efficiency, 
liver iron and magnesium concentrations, bone ash and bone 
magnesium concentration of turkey poults. 
Procedure 
The experiment consisted of six dietary treatments of 
supplemented iron (0 and 440 ppm) and magnesium (0, 2200 and 
4400 ppm) in a 2 x 3 factorial arrangement. The sources of 
iron and magnesium were ferrous sulfate and magnesium car­
bonate, respectively. The composition of the bal meed basal 
diet is given in Table 1. The basal diet contained l44l ppm 
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of magnesium and 451 ppm of Iron by chemical analyses. 
One hundred twenty one-week-old poults were grouped Into 
lots of five females and five males and assigned to pens in 
accordance with a complete random design. Individual poult 
weights were recorded and feed efficiency calculated at the 
termination of the experiment. The duration of the experi­
ment was four weeks. 
Two females and two males were randomly selected from 
each pen at the termination of the experimental period and 
sacrificed for specimen collections. Procedures used for the 
collection of liver and bone samples and subsequent analyses 
are outlined in Experimental Procedures. 
Results and discussion 
Weight gain and feed efficiency data for experiment 2 
are given in Table 8, and the analyses of variance of these 
data are given in Appendix, Tables 37 and 38, respectively. 
Weight gains were not significantly affected by the high 
dietary iron Intake, There was a slight increase In weight 
gain of male poults on the diets containing 2200 ppm of sup­
plementary magnesium. Females showed a slight depression in 
weight gain when the diets were supplemented with 440 ppm of 
Iron and 4400 ppm of magnesium. There was no significant ef­
fect on weight gain due to magnesium supplementation, as was 
expected. Increased weight gains were highly significant 
(P = .01 or less) for males compared to females. 
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Table 8. Experiment 2 -- Weight gain and feed efficiency 
Treatment 
Added iron (ppm) Ô Ô Ô 4^0 WÔ 44o 
Added magnesium (ppm) 0 2200 4400 0 2200 4400 
Weight gain (g) 
Females 
1 
2 
700 
710 $ -*0-0 ro o VjJ VJJ 714 726 712 739 683 651 
Av. 70$ 668 713 720 726 667 
Males 
Rep. 
1 803 881 814 804 802 775 
2 836 933 822 860 900 870 
Av. 820 907 818 832 851 823 
Feed/gain 
Females and Males 
Rep. 
1 1.92 2.09 1.90 1.89 1.90 2.05 
2 1.88 1.87 1.94 1.72 1.84 1.81 
Av. 1.90 1.98 1.92 1.80 1.87 1.93 
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Feed efficiency was slightly Improved by the addition of 
440 ppm of Iron to the diets containing 0 and 2200 ppm of sup­
plementary magnesium, In general, magnesium caused a slight 
depression In feed efficiency, Iron and magnesium supple­
mentations caused no significant effect on feed efficiency. 
Liver Iron and magnesium concentration data are given in 
Tables 9 and 10, respectively, and the analyses of variance 
of these data are given in Appendix, Table 37. 
Liver iron concentrations were slightly depressed by 
magnesium additions to diets without supplementary Iron, 
Diets containing 440 ppm of supplemented Iron and supplemented 
magnesium slightly increased liver Iron concentrations. The 
increase in liver Iron concentration caused by supplementary 
iron approached significance at P = .05 or less. The addition 
of 440 ppm of iron caused a significant (P = .01 or less) de­
crease In liver magnaslum concentration. When diets con­
tained a high iron concentration, the supplementation of mag­
nesium caused a non-significant increase in liver magnesium 
concentration. 
Bone ash and bone magnesium concentration data are given 
in Tables 11 and 12, respectively, and the analyses of vari­
ance of these data are given in Appendix, Table 39. 
The addition of iron caused a slight decrease in bone 
ash, although this effect was non-significant. On the other 
hand, magnesium supplementation significantly decreased bone 
ash at P = .05 or less. There was a significant (P = .05 or 
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Table 9, Experiment 2 -- Liver iron concentrations 
Treatment 
Added iron (ppm) 0 0 0 440 440 440 
Added magnesium (ppm) 0 2200 4400 0 2200 4400 
Milligrams per 100 grans (dried) 
Females 
Rep. 
24 1 29 22 29 30 2? 
2 31 34 23 32 36 33 
Av. 30 28 26 28 33 30 
Males 
Rep. 
28 40 1 28 22 17 20 
2 30 35 25 30 33 31 
Av. 29 28 21 25 30 36 
Table 10. Experiment 2 -- Liver magnesium concentrations 
Treatment 
Added iron (ppm) 0 0 0 440 440 440 
Added magnesium (ppm) 0 2200 4400 0 2200 4400 
Milligrams per 100 grans (dried) 
Females 
Rep. 
51 47 1 50 52 54 40 
2 56 54 54 44 m 54 
Av. 53 53 54 42 O
 
Vrv
 O
 
Males 
Rep. 
46 1 53 53 48 50 52 
2 55 48 57 47 43 43 
Av. 54 50 52 48 46 48 
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Table 11. Experiment 2 -- Bone ash 
Treatment 
Added iron (ppm) 0 0 0 440 440 440 
Added magnesium (ppm) 0 2200 4400 0 2200 4400 
Percent 
Females 
Rep. 
54.63 53.16 1 56.2$ 54.18 55.47 54.10 
2 55.56 54.28 54.80 55.97 53.90 54.38 
Av. 55.90 54.23 54.72 55.72 53.53 54.24 
Males 
Rep. 
53.69 1 55.85 54.12 54.39 53.69 56.09 
2 55.03 55.51 54.64 55.10 54.58 55.31 
Av. 55.44 54.82 54.52 54.50 55.34 54.50 
Table 12. Experiment 2 -- Bone magnesium concentrations 
Treatment 
Added iron (ppm) 0 0 0 440 440 440 
Added magnesium (ppm) 0 2200 4400 0 2200 4400 
Percent of bone ash 
Females 
Rep. 
1.16 1 1.26 1.32 1.14 1.34 1.43 
2 1.12 1.38 1.32 1.26 1,36 1.42 
Av. 1.14 1.32 1.32 1.20 1.35 1.42 
Males 
Rep. 
1 1.23 1.21 1.38 1.20 1.34 1.40 
2 1.18 1.36 1.35 1.18 1.26 1.46 
Av. 1.20 1.28 1.36 1.19 1.30 1.43 
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less) interaction of magnesium x sex on bone ash reduction. 
The increase of bone magnesium concentration with the dietary 
supplementation of 440 ppm of iron approached significance. 
Magnesium additions increased bone magnesium concentrations. 
This increase was highly significant at P = .01 o:: less. The 
concentration appeared to Increase with each increment of 
supplementary magnesium, 
The data for weight gain and feed efficiency in experi­
ment 2 showed a similar trend as the data in experiment 1. 
These data again suggest that poults up to five weeks of age, 
can tolerate a high Intake of magnesium and iron without an 
adverse effect on weight gain or feed efficiency :.n the pres­
ence of adequate amounts of all other required nutrients. 
Experiment Three 
Purpose 
This experiment was designed to determine the effects of 
high dietary magnesium on the dietary manganese requirement 
of the poult. The criteria measured were weight içain, feed 
efficiency, liver manganese and bone ash, 
Procedure 
The experiment consisted of eight dietary treatments of 
supplemented magnesium (0 and 4400 ppm) and manganese (0, 44, 
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88 and 132 ppm) in a 2 x 4 factorial arrangement, The sources 
of magnesium and manganese were magnesium oxide and manganese 
dioxide, respectively. The composition of the basal diet is 
given In Table 1. The basal diet contained 1298 ppm of mag­
nesium and 22 ppm of manganese by chemical analyses. The ad­
dition of 44 ppm of manganese to this basal diet was consid­
ered adequate to meet the manganese requirement of the poult. 
One hundred sixty one-week-old male poults were grouped 
into lots of ten poults and assigned to pens in accordance 
with a complete random design. Individual poult weights were 
recorded and feed efficiency calculated at the termination of 
the experiment. The duration of the experiment was four 
weeks. 
Three poults were randomly selected from each pen at the 
termination of the experiment and sacrificed for specimen 
collections. Procedures used for collection of liver and 
bone samples and subsequent analyses are outlined in Experi­
mental Procedures, 
Results and discussion 
Data for the second replicate of the dietary treatment 
of 4400 ppm of supplementary magnesium and 88 ppm of supple­
mentary manganese was discarded for experiment 3 due to high 
cannibolism mortality. 
Weight gain and feed efficiency data for experiment 3 
are given in Table 13, and the analyses of variance of these 
Table 13• Experiment 3 — Weight gain and feed efficiency 
Treatment 
Added 
Added 
manganese 
magnesium 
(ppm) 
(ppm) 
0 
0 
44 
0 
00 
0
 
00 
132 0 
0 4400 
44 
4400 
00 
0
 
00 
0
 
132 
4400 
Weight «ain (e) 
Hep. 
1 
2 
867 
907 
834 
839 
908 
871 
911 847 
869 806 
747 
809 
799 
* _ 
839 
795 
Av. 88? 836 890 890 826 788 817 
Sep. 
1 
2 
1.85 
1.74 
1.73 
1.78 
1.72 
1.86 
Feed/gain 
1 . 6 7  1.83 
1.78 1.83 
1.92 
1.85 
1.93 
* _ 
1.82 
1.83 
Av. 1.80 1.76 1.79 1.72 1.83 1.88 1.82 
*Beplicate missing. 
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data are given in Appendix, Table 40. 
Any addition of manganese to the basal diet did not in­
crease weight gain or feed efficiency. A highly significant 
(P = .01 or less) decrease in weight gain resulted when 4400 
ppm of supplementary magnesium was added to the diet. Feed 
efficiency was significantly (P = .05 or less) depressed with 
this amount of dietary magnesium. 
Liver manganese concentration data for experiment 3 are 
given in Table 14, and the analyses of variance of these data 
are given in Appendix, Table 41, 
Increased dietary manganese or magnesium did not signi­
ficantly Increase liver manganese concentrations. However, 
supplementing the diet with 4400 ppm of magnesium increased 
liver manganese concentration when the diet contained either 
no added manganese or 44 ppm of supplementary manganese. 
Supplementary magnesium decreased liver manganese concentra­
tions slightly when added to diets containing 88 or 132 ppm 
of supplementary manganese. 
Bone ash data for experiment 3 are given in Table 15, 
and the analysis of variance of these data is given in Ap­
pendix, Table 41. 
As in experiments 1 and 2, magnesium again decreased 
bone ash. This decrease in bone ash in experiment three 
was highly significant at P = .01 or loss. 
The data for experiment three showed that supplementary 
magnesium at 4400 ppm had a depressing effect on weight gain, 
Table 14. Experiment 3 — Liver manganese concentrations 
Treatment 
Added mangane se (ppm) 
Added magne s 1 um ( ppm ) 
(7 
0 
44 
0 oo
oo
 
oo
oo
 
132 0 
0 4400 
44 
4400 
88 
4400 
132 
4400 
Parts T>er million (dried) 
Hep. 
1 
2 
3-7 
3.8 
3.5 
3.8 
3.8 
3.9 
5.4 3.6 
4.1 4.6 
4.8 
3.8 
3-6 
*-
4.1 
4.0 
Av. 3.8 3-6 3.8 4.8 4.1 4.3 4.0 
•Beplicate missing. 
Table 15« Experiment 3 — Bone ash 
Treatment 
Added manganese (ppm) 
Added magnesium (ppm) 
0 
0 
44 
0 
88 
0 
132 0 
0 4400 
44 
4400 
88 
4400 
132 
4400 
Hep. 
2 
J30 .o^  
56.05 55.67 55*46 
Percent 
56.18 54.49 54.96 * — 53.86 
Av. 56.45 56.00 55.99 55.94 54.40 55.25 53.74 
*Replicate missing. 
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feed efficiency and bone ash. The addition of manganese to 
the basal diet, containing 22 ppm of manganese, had no sig­
nificant effect on the criteria measured in this experiment. 
The basal diet appeared to contain sufficient manganese to 
meet the poult's requirement. 
Experiment Pour 
Purpose 
This experiment was designed to determine the effects on 
poults of added dietary increments of a combination of iron 
plus magnesium to diets containing low and adequate manganese. 
Criteria considered were weight gains, feed efficiency, liver 
iron, magnesium and manganese concentrations, bone ash, bone 
magnesium concentration and bone tissue structure. This 
study was with poults from one to seven weeks of age. 
Procedure 
The experiment consisted of six dietary treatments in a 
2x3 factorial arrangement of two levels of manganese and 
three levels of a combination of iron plus magnesium as given 
in Table 16. The sources of manganese, iron and magnesium 
were manganese dioxide, ferrous sulfate and magnesium oxide, 
respectively. The composition of the basal diet is given in 
Table 1. The basal diet contained 1? ppm of manganese, 451 
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ppm of iron and 1,26? ppm of magnesium by chemical analyses. 
One hundred eight one-week-old male poults wore grouped 
into lots of nine poults and assigned to pens in accordance 
with a complete random design. The poults remained in battery 
brooder pens for four weeks, then were placed in growing bat­
tery pens for the remainder of the experimental period. In­
dividual poult weights were taken at two-week intervals. The 
relative rate of gain was essentially the same at each weigh­
ing,. therefore only the weight gains for the entire experi­
mental period of six weeks is presented. Peed efficiency was 
calculated for the six-weeks' experimental period. 
Two poults were randomly selected from each ;>en and sac­
rificed for specimen collections at the termination of the 
experiment. Procedures used for the collection o:f liver and 
bone samples and subsequent analyses are outlined in Experi­
mental Procedures. 
The collection of bone samples for the histological 
study was performed by removal of the distal one-third of the 
tibia and proximal one-third of the metatarsus. Longitudinal 
sections of the metatarsus were taken at the junction of the 
metaphysis and diaphysis. These sections were stlined with 
hematoxylin and eosin and processed by the Veterinary Path­
ology Department of Iowa State University. Five slides were 
photographed and are presented in the results and discussion 
of this experiment. Four photographs were taken of bone 
tissue from birds on the two extreme concentrations of dietary 
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magnesium plus iron, with and without supplemented manganese, 
One photograph was taken of bone tissue from a bird that de­
veloped gross symptoms of porosis. This particular bird was 
receiving the dietary treatment of the basal diet plus 44 ppm 
of manganese. 
Results and discussion 
Weight gain and feed efficiency data for experiment 4 
are given In Table :l6, and the analyses of variance of these 
data are given in Appendix, Table 42. 
Manganese significantly (P = .05 or less) increased 
weight gain. This increase was about eight percent when Iron 
and magnesium were supplemented at 440 ppm and 4400 ppm, re­
spectively. Dietary additions of iron and magnesium, signi­
ficantly (P = .01 or less) decreased weight gains. This de­
pression was most severe without supplemented manganese in 
the diets, which suggests the necessity of adequate manganese 
in diets when the dietary Intake of iron and magnesium is 
high. 
Peed efficiency was not significantly affected by any of 
the dietary treatments. The basal diet was slightly more ef­
ficient than other dietary treatments. The additions of die­
tary Iron and magnesium without supplemented manganese slight 
ly depressed feed efficiency. 
Liver iron, magnesium and manganese concentration data 
for experiment 4 are given in Tables 17, 18 and 19, respec-
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Table lé. Experiment 4 — Weight gain and feed efficiency 
Treatment 
Added manganese (ppm) 
Added iron (ppm) 
Added magnesium (ppm) 
0 
0 
0 
0 
220 
2200 
0 44 
440 0 
4400 0 
44 
220 
2200 
44 
440 
4400 
Rep. 
1 
2 \lll 
Weight gain (,?) 
1625 1515 1699 1658 
1592 1469 1748 1595 
1642 
1586 
Av. 1690 1608. 1492 1724 1626 1614 
Rep. 
1 
2 
1.72 
1.84 
1.85 
2.02 
Feed/gain 
1.87 1.93 
1.99 1.81 
1.89 
1.87 
1.85 
1.85 
Av. 1.78 1.94 1.93 1.87 1.88 1.85 
Table 17. Experiment 4 — Liver iron concentrations 
Treatment 
Added manganese (ppm) 
Added iron (ppm) 
Added magnesium (ppm) 
0 
0 
0 
0 
220 
2200 
0 44 
440 0 
4400 0 
44 
220 
2200 
44 
440 
4400 
Rep, 
1 
2 
Milligrams per 100 grims (dried) 
27 26 28 28 30 23 
26 26 20 21 21 22 
Av. 26 26 24 24 26 22 
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Table 18. Experiment 4 -- Liver magnesium concentrations 
Treatment 
Added manganese (ppm) 0 0 Ô PT" TPT W 
Added iron (ppm) 0 220 440 0 220 440 
Added magnesium (ppm) 0 2200 4400 0 2200 4400 
Hop. 
Milligrams per 100 grams (dried) 
1 46 49 48 44 51 46 
2 44 45 44 46 48 44 
Av. 45 47 46 45 50 45 
Table 19, Experiment 4 -- Liver manganese concentrations 
Added manganese (ppm) 
Added iron (ppm) 
Added magnesium (ppm) 
0 0 0 
0 220 440 
0 2200 4400 
Treatment 
44 PT 
0 220 440 
0 2200 4400 
Parts per million (dried) 
Rep. 
4.2 
6.5 i:? 4.2 3.7 Ï:? 4.0 4.6 4.3 3.7 
5.4 4.5 4.0 4.2 4.3 4.0 
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tlvely, and the analyses of variance of these data are given 
in Appendix, Table 43. 
The liver concentrations of these three minerals were 
not significantly affected by the dietary treatment. The 
concentration of iron appeared to be lowest with 44 ppm of 
manganese, 440 ppm of iron and 4400 ppm of magnesium supple­
mented to the diet. Magnesium concentrations in ;he liver 
were variable. The poults on the basal diet showed the high­
est liver manganese concentration, This concentration de­
creased with increased Intake of Iron and magnesimi. When 
diets contained added manganese, liver manganese concentra­
tions remained more constant with Increments of Icon and 
magnesium. 
Bone ash and bone magnesium concentration dafca are given 
in Tables 20 and 21, respectively, and the analysas of vari­
ance of these data are given in Appendix, Table 4'h 
The addition of 44 ppm of manganese to low mmganeae 
diets (I? ppm of manganese) had no significant effect on bone 
ash, although there was a slight decrease in bone ash with 
manganese added to diets supplemented with 440 ppa of iron 
and 440 ppm of magnesium. There were essentially no differ­
ences in bone ash between diets supplemented with 220 ppm of 
iron and 2200 ppm of magnesium and those without Iron and mag­
nesium supplementations. 
Bone magnesium concentrations were significantly (P = 
.05 or less) Increased by supplemented dietary iron and mag-
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Table 20. Experiment 4 -- Bone ash 
Treatment 
Added manganese (ppm) 0 0 0 44 44 44 
Added iron (ppm) 0 220 440 0 220 440 
Added magnesium (ppm) 0 2200 4400 0 2200 4400 
Percent 
Rep. 
48.61 1 51.12 50.93 50.90 50.57 51.55 
2 50.97 50.83 48.82 51.90 52.12 47.99 
Av. 51.04 50.88 49.86 51.24 51.84 48.30 
Table 21. Experiment 4 — Bone magnesium concentrations 
Added manganese (ppm) 
Added iron (ppm) 
Added magnesium (ppm) 
0 0 0 
0 220 440 
0 2200 4400 
Treatment 
W 
0 220 440 
0 2200 4400 
Rep. 
1 
2 
Percent of bone ash 
1.32 1 .22 I .32 1 .18 1 .35 1.62 
1.24 1 .48 I .30 1 .24 1 .36 1 .52 
Av. 1.28 1.35 1.31 1.21 1.35 1.57 
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neslum. This increase was greater with poults fed a diet with 
supplemented manganese. The interaction of manganese x iron-
magnesium approached significance at P = .05. 
The photographs of bone tissue slides are shorn in 
Plates 1-5» Plate 1 shows bone tissue from a poult pre­
viously on the basal diet. This tissue appears to be more 
porous than normal bone tissue. Plate 2 shows bone tissue 
from a poult which was fed the basal diet plus 44 ppm of man­
ganese. This tissue is similar to that in Plate I, although 
it does appear slightly more dense. In Plate 3» the bone 
tissue is shown from a poult receiving the basal ilet supple­
mented with 440 ppm of iron and 4400 ppm of magnesium. This 
tissue shows slightly less density and a more disarrangement 
of spicules as compared to Plates 1 and 2. Plate 4 shows 
bone tissue that has a different appearance. This bone tis­
sue was from a poult fed the basal diet supplemented with 44 
ppm of manganese, 440 ppm of iron and 4400 ppm of magnesium. 
The tissue is more dense, has a better arrangement of spicules 
than the previous three tissues. This was considered more 
nearly the appearance of normal bone tissue. The appearance 
of bone tissue in Plate 4 illustrates the importance of ade­
quate dietary manganese when the diet contains a high concen­
tration of iron and magnesium. 
Plate 5 shows bone tissue from a poult that developed 
gross symptoms of porosis. This tissue reveals definite 
symptoms of osteoporosis by its increased porosity and abnor-
Plate 1. Bone tissue of a poult which received the basal 
diet. Photomicrograph 620X 
Plate 2, Bone tissue of a poult which received the basal diet 
supplemented with 44 ppm of manganese. Photomicro­
graph 62 OX 
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Plato 3» Bone tissue of a poult whloh received the basal diet 
supplemented with #0 ppm of Iron and 4400 ppm of 
magnesium. Photomicrograph 6Z0X 
Plate 4. Bone tissue of a poult which received the basal diet 
supplemented with 44 ppm of manganese, 440 ppm of 
iron and 4400 ppm of magnesium, Photomicrograph 620X 
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Plate 5. Bone tissue of a poult displaying gross symptoms of 
porosis. Photomicrograph 620X 
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mal spicule arrangement. The dietary treatment of the bird 
contributing this bone tissue was the basal diet plus 44 ppm 
of manganese. Plates 3 and 5 show a similarity by displaying 
bone tissues with abnormal spicule arrangement, although the 
tissue In Plate 3 Is more dense, 
Experiment Five 
Purpose 
This experiment was designed to observe the effects of 
increments of dietary manganese, with and without high amounts 
of supplemented dietary magnesium, on poults from one to nine 
weeks of age, Weight gain at five and nine weeks of age, feed 
efficiency at five weeks of age, liver manganese concentra­
tion, bone ash and bone magnesium concentration were the cri­
teria measured in the experiment. 
Procedure 
The experiment consisted of six dietary treatments of 
supplemented manganese (0, 44 and 88 ppm) and magnesium (0 
and 4400 ppm) in 2 x 3 factorial arrangement. The sources of 
supplementary manganese and magnesium were manganese carbon­
ate and magnesium oxide, respectively. The composition of 
the basal diet is given in Table 1, When the poults attained 
the age of seven weeks, the protein content of the diet was 
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reduced by Increasing the percent corn and reducing the per­
cent soybean oil meal. The basal diet up to seven weeks of 
age contained 1386 ppm of magnesium and 22 ppm of manganese 
by chemical analyses. The basal diet from seven to nine 
weeks of age contained 1345 ppm of magnesium and 21 ppm of 
manganese. 
One hundred eight one-week-old poults were grouped into 
lots of nine poults and assigned pens in accordance with a 
complete random design. The poults remained In battery 
brooder pens for four weeks, then were placed in growing bat­
tery pens. After two weeks in growing battery pens, the rep­
licates of each diet were pooled and the poults were assigned 
to eight Indoor floor pens, The poults remained in the floor 
pens until the experiment terminated. 
Individual poult weights were recorded at four weeks 
(five weeks of age) and at eight weeks (nine weeks of age) 
or termination of the experiment. Feed efficiency was cal­
culated at four weeks of the experimental period only. 
One bird from each replicate was randomly selected and 
sacrificed for specimen collection at the termination of the 
experiment. Procedures used for the collection of liver and 
bone samples and subsequent analyses are outlined in Experi­
mental Procedures. 
Results and discussion 
Weight gain and feed efficiency data at five weeks of 
6? 
age are given in Table 22, and weight gain data at nine weeks 
of age are given in Table 23. The analyses of variance of 
these data are given in Appendix, Tables 45 and 46. 
Weight gains at five weeks of age were slightly improved 
when manganese was supplemented to diets containing 4400 ppm 
of magnesium, There also appeared to be a slight increase in 
weight gain with 88 ppm of manganese supplemented to the diet 
containing no supplemented magnesium. At nine weeks of age, 
manganese added to the basal diet slightly increased weight 
gains. However, these increased weight gains were not sta­
tistically significant. Magnesium supplemented at 4400 ppm 
significantly (P = .05 or less) decreased weight gains at 
five weeks and nine weeks of age. This depression by magne­
sium was most intense in the presence of supplementary man­
ganese at 88 ppm with nine-week-old poults. However, in the 
presence of no supplemented dietary manganese, supplemented 
magnesium to the diet showed a very slight depressing effect 
on weight gain at nine weeks. 
Feed efficiency was slightly depressed by supplemented 
magnesium of 4400 ppm, except with diets containing 88 ppm 
of supplemented manganese. The best efficiency wôs with 
poults on the basal diet. There were no significant effects 
on feed efficiency which could be ascribed to dietary treat­
ments. 
Liver manganese concentration data are given In Table 24, 
and the analysis of variance of these data is given in Appen-
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Table 22. Experiment 5 — Weight gain and feed efficiency at 
five weeks of age 
Treatment 
Added manganese (ppm) 0 44 88 0 44 88 
Added magnesium (ppm) 0 0 0 4400 4400 4400 
Weight gain (g) 
Hep. 
1 8?6 803 831 756 788 814 
2 832 856 945 706 777 726 
Av. 
-
23-XT\ CO O
 
OO 
888 731 782 770 
Feed/gain 
Rep. 
1 1.78 1.73 1.89 1.85 1.77 1.80 
2 1.64 1.80 1.67 1.89 1.94 1.77 
Av. 1.71 1.76 1.78 1.87 1.86 1.78 
Table 23. Experiment 5 — Weight gain at nine weeks of age 
Treatment 
Added manganese (ppm) 0 44 88 0 44 88 
Added magnesium (ppm) 0 0 0 4400 4400 4400 
Weight gain (lbs) 
Hop, 
1 5.1 5.5 5.7 5.0 5.5 5.0 
2 5.4 5.7 5.9 5,4 5.0 4.7 
Av. 
«
 
j i 
5 .6 5.8 5.2 5.2 4.8 
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dix, Table 46. 1 
The addition of 4400 ppm of magnesium to the diets sig­
nificantly (P = ,05 or less) decreased liver manganese con­
centrations when the diet contained 0 or 44 ppm of added man­
ganese . When poults were fed the diet containing 88 ppm of 
supplementary manganese, added magnesium did not decrease 
liver manganese. In fact, this diet slightly increased liver 
manganese concentration. Added manganese also significantly 
Increased liver manganese concentrations at P = .05 or less. 
There was a significant (P = .05 or less) interaction of man­
ganese x magnesium. 
Bone ash and bone magnesium concentration data are given 
in Tables 25 and 26, respectively, and the analyses of vari­
ance of these data are given in Appendix, Table 4?. 
Previous experiments have shown added dietary magnesium 
to significantly depress bone ash. In this experiment, sup­
plemented dietary magnesium had no significant effect on bone 
ash. Magnesium supplemented to the diet slightly decreased 
bone ash in the presence of supplemented manganese, but if 
this 4400 ppm supplementation of magnesium was to the basal 
diet, the bone ash slightly increased. The supplementation 
of 44 and 88 ppm of manganese to the diet did not signifi­
cantly affect bone ash. When manganese was supplemented to 
diets without supplemented magnesium, bone ash hac. a tendency 
to increase, whereas the reverse was true with diets contain­
ing supplemented magnesium. 
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Table 24, Experiment 5 — Liver manganese concentrations 
Treatment 
Added manganese (ppm) 0 44 88 0 44 m 
Added magnesium (ppm) 0 0 0 4400 4400 4400 
Parts per million (dried) 
Rep. 
4.2 1 3.4 4.7 3.8 2.4 3.9 
2 4.0 4.0 3.7 2.8 3.7 4.0 
Av, 3.7 4.4 3.8 2.6 3.8 4.1 
Table 25.  Experiment 5 — Bone ash 
Treatment 
Added manganese (ppm) 0 44 88 0 44 88 
Added magnesium (ppm) 0 0 0 4400 4400 4400 
Percent 
Rep. 
1 46,66 48.74 51•08 48.48 48.28 48.83 
2 48.91 52.86 48.52 50.04 49.66 45.43 
Av. 47.78 50.80 49.80 49.26 48.96 47.13 
Table 26. Experiment 5 — Bone magnesium concentrations 
Treatment 
Added manganese (ppm) 0 44 88" 0 44 88 
Added magnesium (ppm) 0 0 0 4400 4400 4400 
Percent of bone ash 
Rep. 
1 1, 09 1.13 1.10 1.32 1.30 1.29 
2 1, 08 1.08 1.10 1.22 1.21 1.28 
Av. 1, .08 1.10 1.10 1.2? 1.26 1.28 
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The increase of bone magnesium concentration was highly 
significant (P = .01 or less) with supplemented dietary mag­
nesium at 4400 ppm, There was no indication that supplemented 
dietary manganese had any effect on bone magnesium concentra­
tion. 
Experiment Six 
Purpose 
A combination of iron plus magnesium significantly af­
fected weight gains, bone ash and bone magnesium concentra­
tions In experiment 4. In experiment 5» the effects of mag­
nesium on weight gains, liver manganese concentrations and 
bone magnesium concentrations were significant. The addition 
of manganese to diets containing a low manganese concentra­
tion significantly increased weight gain In experiment 4 and 
liver manganese concentrations in experiment 
This experiment was designed to observe the effects of 
high dietary iron and magnesium in diets containing adequate 
and low concentrations of manganese on weight galri, feed ef­
ficiency, liver manganese concentrations, bone ash and bone 
magnesium concentration of poults up to twelve weeks of age. 
Procedure 
The experiment consisted of eight dietary treatments of 
supplemented Iron (0 and 440 ppm), magnesium (0 and 4400 ppm) 
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and manganese (0 and 44 ppm) fed In all possible combinations 
in a 2 x 2 x 2 factorial arrangement. The source of supple­
mentary iron, magnesium and manganese were ferrous sulfate, 
magnesium oxide and manganese dioxide, respectively. The 
composition of the basal diet is given in Table 1. When the 
poults attained the age of seven weeks, the protein content 
of the diet was reduced to approximately 24 percent by in­
creasing the percent of corn and reducing the percent of soy­
bean oil meal. The basal diet up to seven weeks of age con­
tained 1306 ppm of magnesium, 4?3 ppm of Iron and 22 ppm of 
manganese by chemical analyses. The basal diet from seven 
to twelve weeks of age contained 1340 ppm of magnesium, 450 
ppm of iron and 21 ppm of manganese. 
One hundred sixty one-week-old male poults were grouped 
into lots of ten poults and assigned to pens in accordance 
with a complete random design. The poults remained in the 
battery brooder pens for four weeks, then were placed in 
growing battery pens. After two weeks in growing battery 
pens, the replicates of each diet were pooled and the poults 
were assigned to eight indoor floor pens for the duration of 
the experimental period. Individual poult weights rçere re­
corded at four weeks (five weeks of age) and eleven (twelve 
weeks of age), the termination of the experiment. Feed effi­
ciency was calculated at the end of the first four weeks of 
the experimental period only. 
One bird from each replicate was randomly selected and 
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sacrificed for specimen collection at the termination of the 
experiment. Procedures used for the collection of liver and 
bone sample and subsequent analyses are outlined In Experi­
mental Procedures. 
Results and discussion 
Weight gain and feed efficiency data at five weeks of 
age are given in Table 27, and weight gain data at twelve 
weeks of age are given in Table 28. The analyses of variance 
of these data are given in Appendix, Tables 48 and 4%. 
There were no significant effects on weight £;ain at five 
weeks of age by dietary addition of magnesium, iron or man­
ganese. However, there was a highly significant (P = .01 or 
less) interaction of magnesium x iron x manganese on weight 
gain at five weeks of age. At twelve weeks, the cietary ad­
dition of 440 ppm of iron had a depressing effect on weight 
gain which was statistically significant at P = .05 or less. 
This depression appeared to be much less when supplemented 
iron diets were also supplemented with magnesium. 
Feed efficiency was significantly (P = .05 or less) de­
pressed by dietary additions of magnesium of 4400 ppm. Again, 
iron or manganese additions had no effect on feed efficiency. 
Liver manganese concentration data are given in Table 29, 
and the analysis of variance of these data is give m in Appen­
dix, Table 49. 
The addition of 44 ppm of manganese to the basal diet in-
Table 27. Experiment 6 — Weight gain and feed efficiency at five weeks of age 
Treatment 
Added 
Added 
Added 
aanganese 
iron (ppm) 
magnésium 
(ppm) 
(ppm) 
0 
0 
0 
0
0
0
 
3
 
0
0
0
 
I 00
0
 
44 
0 
0 
44 
440 
0 
44 
0 
4400 
44 
440 
4400 
Wei srht sain ( z ) 
Her>. 
1 
2 
782 
785 
824 
798 
788 
800 
796 
796 
827 
852 
753 
774 
775 
771 
771 
827 
Av. 784 811 794 796 840 764 773 799 
Hen. 
1 
2 
1.61 
I . 6 7  
1.64 
1.64 
1.68 
1.74 
Feed/sain 
1.71 1.64 
1.67 1.67 
I . 6 3  
1 . 6 3  
1.71 
1.73 
1.85 
1 . 6 3  
Av. 1.64 1.64 1.71 1 . 6 9  1.66 1 . 6 3  1.72 1 . 7 4  
Table 28. Experiment 6 — Weight gain at twelve weeks of age 
Treatment 
Added manganese (ppm) 0 0 0 0 44 44 44 44 
Added iron (ppm) 0 440 0 440 0 440 0 440 
Added magnesium (ppm) 0 0 4400 4400 0 0 4400 4400 
Wei srht gain (lbs ) 
Hep. 
1 8.7  8.2 8.0 8.5 8.5 7.6 8.7  8 .3  
2 9.0 8.1 8.6 8.0 9.4 8.4 8.6 8.5  
Av. 8.8 8.2 8.3 8.2 9.0 8.0 8.6 8.4 
Table 29. Experiment 6 — Liver manganese concentrations 
Treatment 
Added 
Added 
Added 
manganese (ppm) 
iron (ppm) 
magnesium (ppm) 
O
O
O
 
i 
o
o
o
 
i 
i 
£ 0 00
0
 O
O
O
 
1 
44 
0 
0 
44 
440 
0 
44 
0 
4400 
44 
440 
4400 
Parts T>er million (dried) 
Hep. 
2 
• ( 
2 . 9  2I1 2 . 5  2 . 3  
0 r\ 
3.7 
0 a 
2 l 7  
Zl. Q 
3*6 
4 . 8  
4 ~ 0  
Av. 2 . 8  2.1 2 . 8  2 . 8  3.8  2 . 8  3.8  4 . 4  
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creased liver manganese concentrations. This Increase was 
highly significant at P = .01 or less. Magnesium signifi­
cantly (P - ,05 or less) increased the liver manganese con­
centration. This increase was predominately with diets sup­
plemented with 440 ppm of iron, There was a significant 
(P = ,05 or less) interaction of magnesium x iron on liver 
manganese concentration. Iron slightly decreased liver man­
ganese concentrations, but this was only with diets not sup­
plemented with magnesium. 
Bone ash and bone magnesium concentration data are given 
in Tables 30 and 31, respectively, and the analyses of vari­
ance of these data are given In Appendix, Table 50, 
Magnesium supplemented to the diet significantly de­
creased bone ash at P = ,05 or less, This decrease was less 
when iron was also added to the diets, The addition of 44 
ppm of manganese to the diets slightly decreased bone ash ex­
cept with diets supplemented with iron and no magnesium. 
Poults with the highest percent bone ash were those receiving 
the basal diet. 
The addition of manganese slightly decreased bone mag­
nesium concentrations except with birds fed diets containing 
supplemented iron and magnesium, bone magnesium concentrations 
slightly increased. These results are similar to the results 
in experiment 4. Dietary magnesium additions again Increased 
bone magnesium concentrations of poults. This was highly 
significant at P » .01 or less. 
Table 3 0 .  Experiment 6  — Bone ash 
Treatment 
Added, manganese (ppm) O O 0 O 44 
Added Iron (ppm) 0 440 0 440 0 440 0 440 
Added magnesium (ppm) 0 . 0 4400 4400 0 0 44-00 44-00 
Percent 
Sep. 
1 53.34 49.18 49.49 48.72 51.70 50.18 48.97 47.65 
2 56.44 53.05 47.52 54.29 53.53 54.03 47.91 49.86 
Av. 54.89 51.12 48.50 51.50 52.62 52.10 48.44 48.76 
Table 3 1 .  Experiment 6 — Bone magnesium concentrations 
Treatment 
Added manganese (ppm) 0 0 0 0 44 44 44 44 
Added Iron (ppm) 0 440 0 440 0 440 0 440 
Added magnesium (ppm) 0 0 4400 4400 0 0 4400 4400 
Percent of bone ash 
Rep. 
1 2^  
— • "L C 1 .17  1 .  0 0  1  4  A  1 1 1 1 -ao 
2 1.12 1.10 Î I 2 0  Î". 20 1 .05 1.15 1.16 1^ 27 
Av. 1.11 1.14 1.26 1.26 1.08 1.13 1.20 1.32 
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Experiment Seven 
Purpose 
The previous experiments have shown some of the effects 
on poults of high amounts of supplemented iron and magnesium 
to diets with low and adequate manganese concentrations. This 
experiment was designed to determine the effects of high con­
centrations of dietary magnesium and Iron on the retention of 
manganese by the turkey fed diets varying in manganese. 
Procedure 
The experiment consisted of eight dietary treatments 
identical to those described in experiment 6. The basal diet 
contained 1353 ppm of magnesium, 462 ppm of iron and 22 ppm 
of manganese by chemical analyses. One-half of each experi­
mental diet was mixed with 0.25 percent chromic oxide, a 
color indicator used in absorption and retention studies of 
animals and poultry. 
In this experiment, sixteen fourteen-week-old male tur­
keys used In experiment 6 were selected, two birds from each 
of the eight pens and were randomly, assigned to individual 
turkey cages. Each bird received the same dietary treatment 
as In experiment 6. The birds were fed the diets without 
chromic oxide for the first twelve days then were placed on 
their respective diets containing chromic oxide, 
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After four days on the chromic oxide diets, fecal col­
lections were made for two consecutive days by placing alumi­
num foil pans under each cage. Chromic oxide and manganese 
determination methods of feed and feces are given in Experi­
mental Procedures. Retention of manganese for each experi­
mental diet was calculated from the formula : 
Retention (%) = 100 - (100$ locator In feed, x 
% indicator in feces 
% manganese In feces\ 
% manganese in feed 
Results and discussion 
Table 32 gives the percent retention for each day and 
mean percent retention for both days. The mean percent re­
tention for both days was subjected to the analysis of vari­
ance test given in Appendix, Table 51. The mean percent of 
the two-day retention data will be discussed, as this was 
considered more indicative of true retention than individual 
day retention data. 
Manganese supplemented at 44 ppm to the basa] diet (22 
ppm of manganese) significantly (P = .01 or less) Increased 
the percent retention. When 4400 ppm of magnesium was supple­
mented to the diets, manganese retention was reduced. This 
reduction was highly significant at P = .01 or less. There 
was no significant main effect of iron on manganese retention. 
However, the addition of 440 ppm of Iron to the diets without 
supplemented manganese reduced manganese retention from 5»33 
Table 32. Experiment 7 — Manganese retention 
Treatment 
Added 
Added 
Added 
manganese 
iron (ppm) 
magnesium 
(ppm) 
(ppm) 
0 
0 
0 o
o
o
 o
o
o
 
1
 
0 
440 
4400 
44 
0 
0 
44 
440 
0 
44 
0 
4400 
44 
440 
4400 
Pe: rcent r •etention 
Hen. 
1 
i l#*  
0.22 
0.00 
0.00 
3.23 
0.00 
0.00 
29.20 
34.36 
28.10 
44.95 
31.04 
23.67 
29.26 
24.11 
2 
S:?P 
1.66 
0.00 
4.08 
3.29 
0.51 
1.38 
38.67 
29.81 
43.06 
40.14 
26.38 
26.41 
33.28 
32.22 
Av. 6.08* 
4.6ob 
0.94 
0.00 
2.04 
3.26 
0.26 
0.69 
33.94 
32.08 
35.58 
42.54 
28.71 
25.04 
31.27 
28.16 
Mean ret ention0 
Her». 
1 
2 
4.66 
6.00 
0.11 
0.83 
1.61 
3.68 
0.00 
0.94 
31.78 
34.24 
36.52 
41.60 
27.36 
26.40 
26.68 
32.75 
Av. 5-33 0.47 2.64 0.47 33.01 39.06 26.38 29.72 
aPlrst day. 
DSecond day. 
cMean retention for the two days. 
% 
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percent to 0.4? percent, while this amount of iron auppleraen-
ted to diets containing supplemented manganese, Increased 
manganese retention from approximately 33 to 39 percent. 
This resulted in a highly significant (P = .01 or Less) man­
ganese x iron interaction. 
The addition of 4400 ppm of magnesium to diets without 
supplemented manganese reduced manganese retention from 5«33 
percent to 2.64 percent, whereas the addition of magnesium to 
manganese-supplemented diets reduced manganese retention from 
approximately 33 to 2? percent. Again, this resulted In a 
statistically significant interaction of manganese :s mag­
nesium. 
The data suggests that the presence of adequate man­
ganese in the diet is essential for proper manganese reten­
tion; this being more evident in the presence of high dietary 
iron and magnesium. 
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GENERAL DISCUSSION 
Effect of High Dietary Iron and Magnesium 
on Poult Production Performance 
The turkey up to five weeks of age appears to be quite 
tolerant to a high dietary Intake of Iron and/or magnesium. 
This seems to be evident in experiments 1 and 2. Although 
there was a slight weight gain depression with high supple­
mentary iron and magnesium to the diet, this was not great 
enough to bo of statistical significance. In experiment 4, 
poults at seven weeks of age, fed diets supplemented with 
Iron plus magnesium In combination showed a highly signifi­
cant depression in weight gain. This depression was more 
pronounced with diets containing 440 ppm of iron plus 4400 
ppm of magnesium and even more so with the low level of man­
ganese in these particular diets. Iron additions signifi­
cantly decreased weight gain of poults In experiment 6, only. 
This decrease was noted at twelve weeks of age. 
Nugara and Edwards (1963)  reported that the toxic level 
of magnesium for chicks was between 3200 and 6400 ppm. They 
found a significant decrease in growth rate with 6400 ppm of 
magnesium. Their results support the findings in experi­
ments 3 and 5» Here dietary additions of 4400 ppm of magne­
sium significantly reduced poult weight gains at five and 
nine weeks of age. Dietary additions of magnesium slightly 
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depressed feed efficiency in most experiments, except experi­
ments 3 and 6, where the depressions were significant. 
Production Performance of Poults 
Fed Low-Manganese Diets 
The National Research Council ( i960)  recomme:ids 55 ppm 
of manganese in the diet of poults. Insko et al. (1938) and 
Mussehl and Ackerson (1939) found that growth rate was not 
Improved with increased additions of manganese to diets al­
ready containing 35 and 36 ppm of manganese. 
In experiments 3> 4, 5 and 6, there appeared little or 
no advantage in weight gain or feed efficiency wh'm the basal 
diets (17'to 22 ppm of manganese) were supplemented with man­
ganese, with the exception of poults in experiment 6 at five 
weeks of age and in experiment 5 at nine weeks of age. A 9 
percent weight gain increase was noted when the basal diet 
was supplemented with 88 ppm of manganese in experiment 5» 
The supplementation of manganese to diets low In man­
ganese significantly Improved weight gains in experiment 4. 
This Improvement with supplementary manganese was more pro­
nounced when these diets contained high concentrations of 
iron plus magnesium. Experiment 4 was the only study In which 
manganese additions significantly increased weigh:; gains. 
Feed efficiency was not Improved by increasing the dietary 
manganese intake. 
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These results tend to indicate that the requirements for 
manganese of the poult are somewhat lower than most recommen­
dations. A careful consideration would have to be given to 
the proper balance of other nutrients in the diet, if dietary 
manganese was fed at these low levels. 
Bone Formation 
Mllby (1934) observed a decrease In bone ash content 
when chicks were fed diets containing 8900 ppm of magnesium. 
This was also in agreement with the studies by Nugara and Ed­
wards (1963). The results of experiments reported here showed 
a significant decrease in bone ash with high dietary magne­
sium, except experiment This experiment did show a slight 
decrease in bone ash content due to high dietary magnesium 
when the diets contained supplementary manganese of 44 and 88 
ppm. 
Additions of iron plus magnesium In experiment 4 decreased 
bone ash content, but this probably is the effect of the mag­
nesium only. High Iron supplementations alone appeared to 
have no effect on bone ash. 
Caskey ot al. (1939)  reported that the ash content of 
bones of chicks fed a low-manganese (5.5 ppm) diet was sig­
nificantly more than that of chicks fed an adequate diet (100 
ppm of manganese). Lelbholz (1961) found no difference In 
bone ash content in pigs fed diets containing 0.45 and 40.5 
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ppm of manganese. Poults In the experiments reported here 
showed essentially no difference in bone ash corrtont due to 
the manganese content of the diet. 
With poults fed high dietary magnesium, there were sig­
nificant increases in bone magnesium concentrations. This 
was consistent in every experiment in which this criterion 
was measured. Nugara and Edwards (1963) found increases in 
bone magnesium concentration with chicks receiving a high di­
etary magnesium intake. 
The decrease in bone ash with high dietary magnesium in­
dicates the possibility that high dietary magnesrun either 
interferes with the process of calcification or prevents the 
proper absorption of calcium. The increase in boie magnesium 
concentration with a high dietary intake of magnesium was 
possibly due to an increase absorption of this mineral. The 
bone appeared to be a storage center of magnesium. The low 
dietary intake of manganese (17 to 22 ppm) showed no apparent 
effects on bone magnesium metabolism. 
Histological studies of bone tissue of poult-3 indicated 
that diets high in iron and magnesium and low in manganese 
caused a poor spicule arrangement similar to the spicule ar­
rangement found in bone of poults with porosis. This spicule 
arrangement showed marked improvement when the high Iron and 
magnesium diets were supplemented with manganese, which sug­
gests the importance of adequate dietary manganese with a high 
dietary magnesium and iron intake for bone formation. 
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Iron, Magnesium and Manganese Content of Liver 
The effect of high dietary magnesium and/or iron on iron 
and liver magnesium concentration of poults appeared to be 
inconsistent in the three experiments in which these criteria 
were measured. High dietary magnesium in experiment 1 caused 
a highly significant increase in the liver Iron concentra­
tion, this Increase being more pronounced with added dietary 
magnesium of 4400 ppm. Again in experiment 2, supplemented 
dietary magnesium tended to increase liver iron concentra­
tion, but this was with diets supplemented with magnesium and 
440 ppm of Iron. Supplemented dietary iron slightly increased 
liver iron concentrations. 
Liver magnesium concentrations were slightly depressed 
by dietary magnesium additions in experiment 1, while in ex­
periment 2 there was a slight increase noted with diets sup­
plemented with magnesium and 440 ppm of Iron. Dietary Iron 
additions had essentially no effect on liver magnesium con­
centrations in experiment 1, but in experiment 2, dietary 
iron additions caused a highly significant depression of 
liver magnesium content. 
The dietary iron plus magnesium additions fed in experi­
ment 4 had no significant effect on liver iron and magnesium 
concentrations. These concentrations were not affected by 
dietary manganese levels. 
An increase in dietary iron intake did not increase liv­
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er iron concentration, which possibly can be explained by 
the inhibition of iron absorption by the intestinal mucosal 
block, Bone magnesium concentration was increased by high 
dietary intake of magnesium, whereas liver magnesium concen­
trations were not increased. Bone appears to be a more pos­
sible storage center for body stores of magnesium than liver, 
Liver manganese concentrations did not appear to be af­
fected by dietary treatment of poults up to five weeks of 
age. At nine and twelve weeks of age, the addition of man­
ganese to a low-manganese diet significantly Increased liver 
manganese, Leibholz (1961) found a direct relationship be­
tween the manganese intake of pigs and the concentration of 
manganese in the liver. Added dietary magnesium significant­
ly lowered the concentration of manganese in the '.lver with 
poults up to nine weeks of age in experiment 5* while In ex­
periment 6, the concentration was increased by supplemented 
dietary magnesium fed to poults up to twelve week: of age. 
The poult apparently does increase its liver storage of 
manganese, however, with low Increments of dietary manganese 
it required a considerable period of time for thin increased 
liver storage to become apparent. 
Retention of Manganese 
The retention of manganese was studied in experiment 8. 
Van Oettlngen (1935) concluded that absorption of Inorganic 
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manganese from the intestinal tract is very slow and. incom­
plete under normal conditions. This probably accounts for 
the low percent retention of manganese by the poult In the 
results of this experiment, especially with diets containing 
22 ppm of manganese. With diets supplemented with 44 ppm of 
manganese, the percent retention of manganese was substan­
tially increased, Greenberg and Campbell (1940) found that 
the rat excreted 97 percent of orally administered manganese, 
which is essentially in agreement with the findings of this 
experiment with poults on the basal low-manganese diet. How­
ever, with 44 ppm of supplemented dietary manganese the poult 
excreted less than 70 percent of the dietary intake. 
The addition of 440 ppm of Iron to the low-manganese diet 
practically reduced manganese retention to zero. With this 
addition of iron to diets supplemented with 44 ppm of man­
ganese, manganese retention tended to increase. 
Dietary supplementations of 4400 ppm of magnesium sig­
nificantly decreased manganese retention. This retention de­
crease was noted with diets with and without supplemented 
manganese. 
From these findings it appears that high dietary iron 
has a depressing effect on manganese retention with a low-
manganese diet. With supplemented or adequate manganese 
diets, Iron tended to increase manganese retention. High di­
etary magnesium has a depressing effect on manganese reten­
tion, whether the dietary manganese concentration be low or 
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adequate. 
A high Intake of Iron and magnesium apparently inter­
feres with the absorption of manganese. This interference 
becomes more critical with a low intake of manganese. The 
concentration of manganese In the ingesta of the digestive 
tract appears to be a direct proportion to the amcunt of man­
ganese absorbed and retained. The addition of manganese to 
diets high in Iron and/or magnesium appears to be vitally es­
sential for a substantial retention of manganese. 
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SUMMARY AND CONCLUSIONS 
Seven experiments were conducted, to determine the ef­
fects of a high dietary intake of iron and magnesium with 
diets containing low and adequate manganese on turkey poult 
performance. Criteria measured were production performance, 
liver and blood concentrations of iron and magnesium, liver 
manganese concentration, bone formation and manganese reten­
tion. The following points have been concluded from the data 
obtained under the environmental and dietary conditions em­
ployed. 
1. The effects of high dietary iron and magnesium on 
weight gains are variable. A high dietary magne­
sium intake depresses feed efficiency, 
2. The dietary manganese requirements of the turkey 
poult are low and are met by 22 ppm of manganese, 
providing other nutrients are near the optimum re­
quirements. 
3. The manganese concentration of the liver reflects 
the manganese intake over an extended period of 
time. 
4. Limited studies indicate an Increased manganese re­
quirement with a high dietary iron and magnesium in­
take for proper bone tissue structure. 
5. A high dietary Intake of magnesium decreases the per­
cent of bone ash and increases the bone magnesium 
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concentration. 
6. An increase in dietary manganese significantly in­
creases the percent manganese retention. A high di 
etary magnesium intake decreases manganese reten­
tion. 
92 
LITERATURE CITED 
Almquist, H. J. 1942. Magnesium requirement of the chick. 
Society For Experimental Biology and Medicine Proceed­
ings 49: 544-545. 
Association of Official Agricultural Chemists, i960.  
Methods of analysis. Washington, D. C., Author. 
Boyer, P. D., J. H. Shaw and P. H. Phillips. 1942. Studies 
on manganese deficiency on the rat. Journal of Bio­
logical Chemistry 143: 417-425. 
BranIon, H. D. 1938. Minerals In poultry nutrition. Sci­
entific Agriculture 18: 217-276. 
Buckner, G. D., J. H. Martin and W. M. Insko, Jr. 1932. The 
effect of magnesium carbonate when added to diets of 
growing chicks. Poultry Science 11: 58-62.  
Campbell, E. A. 1961.  Iron poisoning in the young pig. 
Australian Veterinary Journal 37,  No. 3: 78-83.  
Caskey, C. D., W. D. Gallup and L. C. Morris. 1939.  The 
need for manganese in the bone development of the chick. 
Journal of Nutrition 17: 407-417. 
Cotzlas, G. C. I96I.  Manganese versus magnesium: why are 
they so similar in vitro and so different In vivo. Fe­
deration Proceedings 20, No. 3t 98-103. 
Doobald, H. J. and C. A. Elvehjera. 1935. The effect of 
feeding high amounts of soluble Iron and aluminum salts. 
American Journal of Physiology 111: 116-123. 
tiwlng, W. R. 1951 .  Poultry nutrition. Fourth edition. 
South Pasadena, Calif,, W. ftav Swing. 
Gull up, W. 1), and L, C, Norrln. 1938, The eaaentlalnenn of 
manganese for the normal development- of bono. Science 
87: 16-19, 
in 11 up, iV, u, and L, C, Norrln, IVWn, Tho nnount of mnn-
mnome required to prevent perosin In the ohlolt, Poultry 
ici 01100 IA1 7(1-HP, 
mil up, A. u. and I, C, 'Jorrln, I Mvh. s'h© offeci of a 
floloncv of In diet .if I'oultrv 
.Iclorno IMi Kn-ftP. 
93 
Gardiner, E. E., J. C. Rogler and H. E. Parker. )960. Mag­
nesium requirement of the chicken. Poultry Science 39! 
1111-1115. 
Golding, W. V., P. J. Schalble and J, A. Davidson, 1940, A 
breed difference in the manganese requirement, of laying 
hens. Poultry Science 19: 253-259. 
Greenberg, 0. K. and W. W. Campbell. 1940, Studies in 
mineral metabolism with the aid of induced radioactive 
isotopes. National Academy of Sciences Proceedings 26: 
448-452. 
Greenberg, D. K., 0. H. Copp and E. M. Cuthbertson. 1943. 
Studies in mineral metabolism with the aid oi' artificial 
radioactive isotopes. Journal of Biological Chemistry 
147: 749-756. 
Grummer, R. H., 0, G. Bentley, P. H. Phillips and G. Bohstedt. 
1950. The role of manganese in growth, reproduction and 
lactation of swine. Journal of Animal Science 9: 170-
175. 
Gutowska, M. S. and R. T. Parkhurst. 1942. Mineral nutri­
tion of laying hens. I. The manganese requirement. 
Poultry Science 21: 277-287. 
Gutowska, M. S., E. M. Parrott and P. A. Slesinskl, 1941. 
Manganese absorption In fowl. Poultry Science 20: 379-
384. 
Halloran, R. R., J. B. Lyle and H. S. Nakaue. 19)1. Mag­
nesium for laying pullets. Feedstuffs 33» N). 5: 40-
41. 
Hart, E. B., C. A. Elvehjem, A. R. Kemmerer and J, G. Halpin. 
1929. Does the practical chick ration need Iron and 
copper addition to insure normal hemoglobin bulldlnrr? 
Poultry Science 9: 92-101. 
Hill, C. H. and 0, Matrone. 19$8, Copper and lr m require­
ments of (trowing chicks for maximum hemoglobin forma­
tion. (Abstract) Poultry Science 171 1211-1212, 
Hill, C, H, end (#, Matrone, 1961, Studlen on copper utvl 
Iron deficiencies In prowl ne 0hlokenn, Jour ml of lu-
t: rit I on ?1i 4?5-43l, 
Innko, W, K,, Jr., M, lyonw an1 J. '•!, X'irt.n. I'M *, fh«? 
quantitative requirement of th<* trowlnw <;hV:'( -
fwneme. Journal of Nut rl t V>n 1 A;> 1 ? m . 
92 
LITERATURE CITED 
Almquist, H. J. 1942. Magnesium requirement of the chick. 
Society For Experimental Biology and. Medicine Proceed­
ings 49: 544-545. 
Association of Official Agricultural Chemists, i960. 
Methods of analysis. Washington, D, C., Author. 
Boyer, P. D., J. H. Shaw and P. H. Phillips. 1942. Studies 
on manganese deficiency on the rat. Journal of Bio­
logical Chemistry 143s 417-425. 
Branion, H. D. 1938. Minerals In poultry nutrition. Sci­
entific Agriculture 18: 217-276. 
Uuckner, G. D., J. H. Martin and W, M. Insko, Jr. 1932. The 
effect of magnesium carbonate when added to diets of 
growing chicks. Poultry Science 11: 58-62. 
Campbell, E. A. 1961. Iron poisoning in the young pig. 
Australian Veterinary Journal 37» No. 3' 78-83. 
Caskey, C. D., W. D. Gallup and L. C. Morris. 1939. The 
need for manganese in the bone development of the chick. 
Journal of Nutrition 17$ 407-417. 
Cotzias, G. C. 1961. Manganese versus magnesiums why are 
they so similar in vitro and so different in vivo. Fe­
deration Proceedings 20, No. Ji 98-103. 
Deobald, H. J. and C. A. Elvehjem. 1935. The effect of 
feeding high amounts of soluble iron and aluminum salts. 
American Journal of Physiology Ills 118-123. 
liiwing, W. R. 1951. Poultry nutrition. Fourth edition. 
South Pasadena, Calif., W. Ray Ewing. 
Gallup, W. D. and L. C. Morris. 1938. The éssontlalness of 
manganese for the normal development of bone. Science 
87: 18-19. 
Gallup, W. D. and L. C. Morris. 1939a. The amount of man­
ganese required to prevent porosis in the chick. Poultry 
Science 18s 76-82. 
Gallup, W. D. and L. C. Morris. 1939b. The effect of a de­
ficiency of manganese in the diet of the hen. Poultry 
Science 18: 83-88. 
93 
Gardiner, E. E., J. C. Rogler and H. E. Parker, i960. Mag­
nesium requirement of the chicken. Poultry Science 39$ 
1111-1115. 
Golding, W. V., P. J. Schaible and J. A. Davidson. 1940. A 
breed difference In the manganese requirement of laying 
hens. Poultry Science 19: 253-259» 
Greenberg, D. K. and W. W. Campbell. 1940. Studies in 
mineral metabolism with the aid of induced radioactive 
isotopes. National Academy of Sciences Proceedings 26: 
448-452. 
Greenberg, D. K., 0. H. Copp and E. M. Cuthbertson. 1943. 
Studies In mineral metabolism with the aid of artificial 
radioactive isotopes. Journal of Biologies 1 Chemistry 
14?: 749-756. 
Grummer, R. H., 0. G, Bentley, P. II, Phillips ar.d G. Bohstedt. 
1950. The role of manganese in growth, reproduction and 
lactation of swine. Journal of Animal Science 9: 170-
175. 
Gutowska, M, S. and R. T. Parkhurst. 1942. Mineral nutri­
tion of laying hens. I. The manganese requirement. 
Poultry Science 21: 277-287. 
Gutowska, M. S., E. M. Parrott and F. A, Sleslnskl. 1941. 
Manganese absorption In fowl. Poultry Science 20: 379-
384. 
Halloran, R. R., J, B. Lyle and H. S. Nakaue. 1961. Mag­
nesium for laying pullets. Feedstuffs 33» No. 5: 40-
41. 
Hart, E. B,, C. A. Elvehjem, A. R. Kemmerer and J, G. Halpin. 
1929. Does the practical chick ration need iron and 
copper addition to insure normal hemoglobin building? 
Poultry Science 9: 92-101. 
Hill, C. H. and G, Matrone. 1958. Copper and Iron require­
ments of growing chicks for maximum hemoglobin forma­
tion. (Abstract) Poultry Science 37: 1211-1212. 
Hill, C. H. and G. Matrone. 1961. Studies on copper and 
iron deficiencies in growing chickens. Journal of Nu­
trition 73t 425-431. 
Insko, W. M., Jr., M. Lyons and J. H. Martin. 1938. The 
quantitative requirement of the growing chi-)k for man­
ganese. Journal of Nutrition 15: 621-528. 
94 
Johnson, S. H. 1944. Studies with swine on rations of na­
tural foodstuffs on low manganese content. Journal of 
Animal Science 3$ 136-142. 
Keene, 0. D, and G. F. Combs. 1962. Magnesium requirements 
of chicks and poults. (Abstract) Poultry Science 41: 
1654. 
Keith, T. B., R, C. Miller, W. T. S. Thorp and V, A. MoCarty. 
1942. Nutritional deficiencies of a oomw.crate mixture 
composed of corn, tankage, soybean oil meitl and alfalfa 
meal for growing pigs. Journal of Animal Science 1? 
120-125. 
Kemmerer, A. R., C. A. Elvehjem and E. B, Hart. 1931. 
Studied on the relation of manganese to the nutrition of 
the mouse. Journal of Biological Chemistry 92: 623-629. 
Kimura, F. T. and V. L. Miller. 1957. Improved determina­
tion of chromic oxide in cow feed and feces. Journal of 
Agricultural and Food Chemistry 5' 216. 
Leach, R, M., Jr. and A. M. Muenster. 1962. Studies on the 
role of manganese In bone formation. I. Effect upon the 
mucopolysaccharide content of chick bone. Journal of 
Nutrition ?8: 51-56. 
Leibholz, J. M. N. 1961. Effect of manganese on several 
tissue measurements and on performance of swine. Unpub­
lished M. S. thesis. Ames, Iowa, Library, Iowa State 
University of Science and Technology. 
Lyons, M. and W. M. Insko, Jr. 1937. Chondrosystrophy in 
the chick embryo produced by a mineral deficiency in the 
diet of the hen. Poultry Science 16: 365-366, 
Maner, J. H., W. G. Pond and R. S. Lowrey. 1959. Effect of 
method and level of iron administration on growth, hemo­
globin and hematocrit of suckling pigs. Journal of 
Animal Science 18: 1373-1377» 
Mayo, R. H. 1959. The magnesium requirement of pigs. Dis­
sertation Abstracts 19: 3072-3073. 
McCance, R, A. and E. M. Widdowson. 1944. Mineral metabo­
lism. Annual Review of Biochemistry 131 315-346. 
McWard, G. W, and H. M. Scott, 1961, Magnesium requirement 
of the young chick determined with a "magnesium-free" 
diet. Poultry Science 40: 11?4-11?6. 
95 
Milby, T. T. 1934. Factors Influencing a malformation of 
the leg bones of chicks. Iowa Agricultural Experiment 
Station Research Bulletin 172. 
Miller, E. R., D. E. Ullrey, C. L. Zutaut, B. V. Baltzer, 
B. H. Vincent, D. A. Schmidt, J. A. Hoefer and R. W. 
Lueeke. 1962. Magnesium requirement of tha baby pig. 
(Abstract) Journal of Animal Sdience 21: 1006-1007. 
Miller, R. C., T. B. Keith, M. A. McCarty and W. ï. S. Thorp. 
1940. Manganese as a possible factor influencing the 
occurrence of lameness in pigs. Society for Experimen­
tal Biology and Medicine Proceedings 45: 50-51. 
Mussehl, F. E, and C. W. Ackerson. 1939. The effect of ad­
ding manganese to a specific ration for growing poults. 
(Abstract) Poultry Science 18: 408. 
Natelson, S. 1961. Microtechniques of clinical chemistry. 
Second edition. Springfield, 111., C. C. Thomas. 
National Academy of Science - National Research Council. 
1959. Nutrient requirements of domestic animals. II. 
Nutrient requirements of swine. National Raaearch 
Council Publication 648. 
National Academy of Science - National Research Council. 
1960. Nutrient requirements of domestic animals. I. 
Nutrient requirements of poultry. National Research 
Council Publication 827. 
Nugara, 0. and H. M. Edwards, Jr. 1963. Influence of di­
etary calcium and phosphorus levels on the magnesium re­
quirement of the chick. Journal of Nutrition 80: 181-
184. 
O'Dell, B. L. i960. Magnesium requirements and its rela­
tion to other dietary constituents. Federation Pro­
ceedings 19, No. 2» 648-654. 
0'Donovan, P. B., R. A. Pickett, M. P. Plumlee and W. M. 
Beeson. 1962. Iron toxicity in the young nig. (Ab­
stract) Journal of Animal Science 21: 1008, 
Orent, E. R. and E. V. McCollum. 1931. Effects of depri­
vation of manganese in the rat « Journal of Biological 
Chemistry 92: 651-678. 
Pepper, W. F., S. J. Slinger and I. Motzok. 195:)» Effect of 
aureomycin on the niacin and manganese requirements of 
chicks. Poultry Science 32: 656-660. 
96 
Ringrose, A. T., J. H. Martin and W. M. Insko, Jr. 1939. 
Manganese requirements of turkey poults. Poultry Sci­
ence IB: 409-410. 
Sandell, E, B. 1959. Colorimetrlc determination of traces 
of metals. Third edition, New York, Interscience. 
Schultze, M. 0., C, A. Elvehjem, E. B. Hart and J, G. Halpin. 
193o• The hemoglobin content of the blood of laying 
hens on practical poultry rations, Poultry Science 15: 
9-13. 
Scott, II. M., M, W. Moeller and S, W. Hinners, 1956. Studies 
on purified diets, I, Supplemental magnesium levels. 
(Abstract) Poultry Science 35$ H69# 
Smith, S. E. and G. E, Ellis, 194?. Studies of manganese 
requirements of rabbits. Journal of Nutrition 34s 33-
38. 
Snedeoor, G, W. 1956. Statistical methods. Fifth edition, 
Ames, Iowa,, Iowa State College Press. 
Sullivan, T. W. 1962. The magnesium requirement of turkeys, 
0-4 weeks of age. Poultry Science 41: 1686-168?, 
Suppléé, W. C. 1963. Observations on the effect of several 
minerals in poultry feeds. Maryland Nutrition Confer­
ence Proceedings 94-101. 
Titus, H. W. 1961. The scientific feeding of chickens. 
Third edition, Danville, 111., The Interstate. 
Tufts, E, V. and D. M. Greenberg, 1938. The biochemistry of 
magnesium deficiency. II. The minimum magnesium re­
quirement for growth, gestation and lactation, and the 
effect of the dietary calcium level thereon. Journal of 
Biological Chemistry 122: 715-726. 
Underwood, E, J. 1956. Trace elements in human and animal 
nutrition. New York., Academic Press. 
Van Oettlngen, W. F. 1935. Distribution and pharmacology of 
manganese. Physiological Reviews 15: 175-190. 
Van Been, R. and P. B. Pearson. 1953» Magnesium deficiency 
in the duck. Journal of Nutrition 51s 191-203. 
Wiese, A. C., B. C. Johnson, C. A. Elvehjem, E. B. Hart and 
J. G. Halpin. 1939* A study of blood and bone phos­
phatase in chick perosis. Journal of Biological Chemis-
97 
Wilgus, H. S,, L. C, Norris and G. F. Heuser. 1936. The 
role of certain Inorganic elements in the cause and pre­
vention of perosis. Science 84: 252-253• 
Wilgus, H. S., L, C, Norris and G. F. Heuser. 1937. The 
role of manganese and certain other trace minerals in 
the prevention of perosis. Journal of Nutrition 14: 
155-167. 
Wilgus, H. S. and A. R. Patton. 1939a. The availability of 
manganese in avian digestion. Science 89: 393» 
Wilgus, H, 8. and A. R. Patton. 1939b. Factors affecting 
manganese utilization in the chicken. Journal of Nu­
trition 18: 35-45. 
Wilson, S. J., H. E, Heath, P. L. Nelson and G. (r. Ens. 
1958. Blood coagulation in acute intoxication. Blood, 
the Journal of Hematology 13: 483-491. 
Wolbach, S. B. and D. M. Hegsted. 1953. Peroslss; epiphyseal 
cartilage in choline and manganese deficiency in the 
chick. Archives of Pathology 56: 437-453. 
98 
ACKNOWLEDGEMENTS 
The author is most beholden to Dr. S. L. Balloun for his 
guidance and counsel throughout the period of graduate study. 
Gratitude is expressed to Dr. R. H. Forsythe and the author's 
Graduate Committee, Drs, D. R. Griffith, V. W, Hays, W. W. 
Marion and W, R. Ilearn for their cooperation and assistance 
during this period of time. 
Acknowledgements are also extended to Dr. J, T, MoCall 
for his counsel on laboratory techniques and Dr. E. 0. Ro­
berts for his cooperation with the histological studies. 
Sincere appreciation is expressed to the author's wife, 
Alice M. Woerpel, for her inspiration and encouragement. 
99 
APPENDIX 
/ 
100 
Table 33» Vitamin and methionine mix 
Constituent 
Mix added the following 
per pound of diet 
Vitamin A 
Vitamin 
Vitamin E 
Menadione 
Riboflavin 
Niacin 
Calcium pantothenate 
Choline 
Folic acid 
Vitamin 
Methionine 
Ethoxyquin 
4000 I.U. 
1000 I.C.U. 
10 I.U. 
2 mg 
2 mg 
30 mg 
2 mg 
300 mg 
1 mg 
10 meg 
0.1 percent 
0.0125 percent 
101 
Table 34. Analysis of variance of weight gain, blood Iron 
and magnesium concentration data for experiment 1 
Source of Mean squares 
variation d. f. Wt. gain Blood Fe Blood Mg 
Iron (Fe) 2 1,904.2 46.76 0.0195 
Magnesium (Mg) 2 1,433.9 10.61 0.0639 
Sex (S) 1 71,824.0** 1,899.51** 0.0301 
Fe x Mg 4 93.5 71.94 0.0600 
Fe x S 2 1,300.1 29.34 0.0014 
Mg x S 2 85.1 43.97 0.0282 
Fe x Mg x S 4 1,973.9 17.93 0.0805 
Error 
» 
2,562.9 66.40 0.0356 
^Significant at P = .01 or less. 
102 
Table 35. Analysis of variance of feed efficiency data for 
experiment 1 
Source of Feed efficiency 
variation d. f. mean squares 
Treatment 8 0.0133 
Iron (Fe) 2 0.0005 
Magnesium (Mg) 2 0.0440 
Fe x Mg 4 0.0043 
Error 0.0120 
17 
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Table 36. Analysis of variance of bone ash, liter Iron and 
magnesium concentration data for experiment 1 
Source of Mean squares 
variation d. f. Bone ash Liver Fe Liver Mg 
Iron (Fe) 2 0.126 6.59 15.37 
Magnesium (Mg) 2 4.326** 119.09** 47.87 
Sex (8) 1 1.845 1.00 14.70 
Fe x Mg 4 2.960** 35,04 18.90 
Fe x S 2 0.14? 7.58 2.19 
Mg x S 2 0,047 10.08 22.70 
Fe x Mg x S 4 0.786 25.55 45.32 
Error 18 
35 
0.572 14.44 24.87 
#*Slgnifleant at P = .01 or less, 
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Table 37. Analysis of variance of weight gain, liver iron 
and magnesium concentration data for experiment 2 
Source of Mean squares 
variation d. f. Wt. gain Liver Fe Liver Mg 
Iron (Fe) 1 28 63.38 176.04** 
Magnesium (Mg) 2 2,177 10.05 6.17 
Sex (8) 1 120,700** 5.04 3.38 
Fe x Mg 2 606 75.12 16.67 
Fe x S 1 704 5.04 2.04 
Mg x S 2 2,565 2.54 24.00 
Fe x Mg x S 2 3,479 28,30 4.17 
Error 12 
23 
1,366 31.79 16.46 
^Significant at P = .01 or less. 
Table 38» Analysis of variance of feed efficiency data for 
experiment 2 
Source of Feed efficiency 
variation d. f. mean squares 
Treatment 5 0.0070 
Iron (Fe) 1 0.0150 
Magnesium (Mg) 2 0.0070 
Fe x Mg 2 0.0031 
Error _6 0,0118 
11 
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Table 39» Analysis of variance of bone ash and bone magne­
sium concentration data for experiment 2 
Source of Mean squares 
variation d. f. Bone ash Bone Mg 
Iron (Fe) 1 0,602 0.0113 
Magnesium (Mg) 2 2.066* 0.0833** 
Sex (S) 1 0.073 0.0001 
Fe x Mg 2 0.146 0.0026 
Fe x S 1 0.112 0.0028 
Mg x S 2 2.193* 0.0032 
Fe x Mg x S 2 0.554 0.0005 
Error 12 0.456 0.0028 
23 
^Significant at P = .05 or less. 
^Significant at P = .01 or less. 
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Table 40. Analysis of variance of weight gain and feed effi­
ciency data for experiment 3 
Source of 
variation d. f. 
Mean squares 
Wt. gain Peed eff. 
Treatment 
Manganese (Mn) 3 
Magnesium (Mg) 1 
Mn x Mg 3 
Error à 
3,569* 
2,370 
10,162** 
-97 
873 
^Significant at P = ,05 or less. 
•"•'^Significant at P - ,01 or less. 
0.0070 
0.0025 
0.0318* 
0.0031 
0.0037 
Table 41. Analysis of variance of liver manganese concentra­
tion and bone ash data for experiment 3 
Source of 
variation 
Treatment 
Manganese (Mn) 
Magnesium (Mg) 
Mn x Mg 
Krror 
d. f, 
? 
3 
1 
3 
ri 
Liver Mn 
0.257 
0 .270 
0.019 
0.353 
0 ,285 
Mean squares 
Bone ash 
1.736** 
0.505 
9.459** 
0.393 
0,204 
* •"•Significant at P = .01 or less. 
10? 
Table 42. Analysis of variance of weight gain and feed effi­
ciency data for experiment 4 
Source of Mean mares 
variation d. f. Wt. gain Feed eff. 
Treatment 5 12,778* 0.0065 
Manganese (Mn) 1 10,920* 0.0006 
Iron-Magnesium (Fe-Mg) 2 23,673** 0.0076 
Mn x Fe-Mg 2 3»136 0.008$ 
Error _6 1,690 0.0060 
11 
•Significant at P = .05 or less. 
**Signlficant at P = .01 or less. 
Table 43. Analysis of variance of liver iron, nagneslum and 
manganese concentration data for experiment 4 
Source of Mean squares 
variation d. f. Liver LI ver Liver 
Fe tig Mn 
Treatment 5 4.33 6.45 0.529 
Manganese (Mn) 1 5.33 0,75 0.563 
Iron-Magnesium (Fe-Mg) 2 7.59 12,25 0.641 
Mn x Fe-Mg 2 0.59 3,50 0,401 
Error 6 16.33 4,33 0.538 
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Table 44, Analysis of variance of bone ash and bone magne-
alum concentration data for experiment 4 
Source of Mean squares 
variation d. f. Bone ash Bone Mg 
Treatment 5 3.204* 0.0298 
Manganese (Mn) 1 0.057 0,0127 
Iron-Magnosiura (Fe-Mg) 2 6.319** 0.0382* 
Mn x Fe-Mg 2 1.662 0.0300 
Error _6 0.570 0.0073 
11 
^Significant at P = .05 or less. 
•^Significant at P = .01 or less. 
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Table 45. Analysis of variance of weight gain aid feed effi­
ciency data at five weeks of age for experiment 5 
Source of Mean aauares 
variation d. f. Wt. gain Feed eff. 
Treatment 5 6,797 0.0071 
Manganese (Mn) 2 1,362 0.0008 
Magnesium (Mg) 1 27,648* 0.0217 
Mn x Mg 2 1,807 0.0061 
Error 6 2,342 0.008? 
11 
•Significant at P = .05 or less. 
Table 46. Analysis of variance of liver manganese concentra­
tion and weight gain data at twelve weeks of age 
for experiment 5 
Source of 
variation d. f. 
Mean 
Liver Mn 
squares 
Wt. gain 
Treatment 5 0.721* 22.15 
Manganese (Mn) 2 0.986* 4.00 
Magnesium (Mg) 1 0.563* 60.75* 
Mn x Mg 2 O.536* 21.00 
Error 6 
11 
0.092 5.92 
•Significant at P = .05 or less. 
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Table 4?, Analysis of variance of bone ash and bone magne­
sium concentration data for experiment 5 
Source of Mean squares 
variation d. f. Bone ash Bone Mg 
Treatment 5 3.564 0.0183** 
Manganese (Mn) 2 2.584 0.0003 
Magnesium (Mg) 1 3.050 0.0902** 
Mn x Mg 2 4.802 0.0004 
Error 6 3.707 0.0017 
11 
••Significant at P = .01 or less. 
Ill 
Table 48, Analysis of variance of weight gain eoid feed effi­
ciency data at five weeks of age for experiment 6 
Source of Mean squares 
variation d. f. Wt. gair.. Feed eff„ 
Treatment 7 1104* 0.0036 
Magnesium (Mg) 1 315 0.0217" 
Iron (Fe) 1 105 0.0001 
Manganese (Mn) 1 23 0.0010 
Mg x Fe 1 1463 0.0002 
Mg x Mn 1 175 0.0008 
Fe x Mn 1 1580 0.0001 
Mg x Fe x Mn 1 4064** 0.0011 
Error 8 315 0.0037 
13 
^Significant at P = .05 or less. 
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Table 49. Analysis of variance of liver manganese concentra­
tion and weight gain data at twelve weeks of age 
for experiment 6 
Source of Mean squares 
variation d, f. Elver Mn Wt, gain 
Treatment 7 1.176** 0.231 
Magnesium (Mg) 1 1.266* 0.031 
Iron (Fe) 1 0.391 0.951 
Manganese (Mn) 1 4.7)1** 0.051 
Mg x Fe 1 1.266* 0.456 
Mg x Mn 1 0.275 0.076 
Fe x Mn 1 0.030 0.051 
Mg x Fe x Mn 1 0 .276 0.001 
Krror 
_8 0.118 0.138 
15 
•"•Significant at P = .05 or less. 
•^Significant at P = .01 or less. 
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Table 50. Analysis of variance of bone ash and bone magne 
slum concentration data for experiment 6 
Source of Mean squares 
variation d. f. Bone ash Bone Mg 
Treatment 7 1.058 0.0151* 
Magnesium (Mg) 1 45.698* 0.0871** 
Iron (Fe) 1 0,235 0.0091 
Manganese (Mn) 1 4.202 0.0004 
Mg x Fe 1 14.440 0.0001 
Mg x Mn 1 2.306 0.0004 
Fe x Mn 1 0.084 0.0064 
Mg x Fe x Mn 1 7.130 0.0025 
Error _8 5.230 0.0034 
15 
^Significant at P = .05 or less. 
^^Significant at P = .01 or less. 
114 
Table 51* Analysis of variance of manganese retention data 
for experiment 7 
Source of 
variation d. f. 
Manganese retention 
mean squares 
Treatment 7 $40,19** 
Magnesium (Mg) 1 82,4$** 
Iron (Fe) 1 0,86 
Manganese (Mn) 1 3$8$.02** 
Mg x Fe 1 0.0? 
Mg x Mn 1 40.89* 
Fe x Mn 1 63.36** 
Mg x Fe x Mn 1 8,70 
Error 
h-"
j 
! 
Vx
|CD
 
1 
4,82 
^Significant at P = .0$ or less. 
•"^Significant at P = .01 or less. 
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